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HERCULES®  ELECTRIC  BLASTING  CAPS  HELP  SET 
WORLD’S  RECORD  IN  TUNNEL  DRIVING 


“Setting  a  world’s  record,”  says  Clancy  O’Dell, 
project  manager  of  the  recently  holed-throngli 
New  York  City’s  \X  est  Delaware  Tunnel,  “is  large¬ 
ly  a  combination  of  loyal  skilled  tunnel  workers 
and  the  best  and  most  dependable  equifmient  and 
supplies.”  And  be  should  kn(»w,  for  the  boring  of 
this  4.‘C64-mile-long  water  tunnel  was  finished  in 
the  record  time  of  841,fK)0  man-days,  or  ten 
months  ahead  of  schedule. 

On  this  project,  the  West  Delaware  Tunnel 
Constructors  also  drove  a  record  2,177  linear  feet 


in  a  single  31 -day  period  and  established  a  shaft- 
sinking  record  of  243  linear  feet  for  a  like  [>eriod. 

Hercules®  Short-f’eriod  Delay  Klectric  Blasting 
Caps,  used  almost  exclusively  in  all  phases  of 
blasting  activity  on  the  W  est  Delaware  1'unnel. 
proved  their  dependability  and  efliciency  in  help¬ 
ing  to  establish  these  records. 

For  complete  information  on  how  No  Vent® 
Short-Period  Delay  Klectric  Blasting  (laps  can  he 
applied  to  your  job,  call  your  Hercules  representa¬ 
tive  or  write  direct  to  the  office  nearest  you. 
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Forerunner  of  Progress  in 
Mining,  Quarrying,  Construction 


W'e  were  saddened  to  learn  of  the  sudden  death  from  a 
heart  attack  on  July  8  of  Lewis  Nordyke,  author  of  “Blast¬ 
ing  the  Intermountain  Roberts  Tunnel”  which  begins  on 
page  103.  Mr.  Nordyke,  a  frequent  eontributor  to  these 
pages,  was  a  native  of  Texas  where  he  lived  until  his  death, 
and  the  author  of  five  books  and  many  articles,  most  of  them 
about  his  home  state.  One,  Nubbin  Ridge,  will  be  pub¬ 
lished  posthumously  bv  Doubleday  in  September.  Born 
in  1905  on  a  farm  near  Cottonwood,  Texas,  he  graduated 
from  the  University  of  Missouri  School  of  Journalism  in 
1933,  and  two  years  later  married  a  fellow  student,  Dorothy 
Beeman  of  Amarillo.  At  the  time  of  his  death  he  had  just 
completed  several  articles  for  The  Explosive;s  E.ncinefji. 
.Among  these,  which  will  appear  in  subseijuent  issues,  are 
an  article  on  Clen  Canvon  Dam,  the  U.  S.  Steel  cxial  oper¬ 
ations  in  Utah,  and  the  W  estern  Cold  &  Uranium’s  Orphan 
Mine  in  Arizona. 


The  holing-through  of  the  Roberts  Tunnel  was  a  triumph 
of  men  with  knowledge,  skill,  and  puqioseful  determination 
over  the  whims  of  a  perverse  mother  nature. 

Few  tunnels  have  been  driven  through  an  area  where  so 
many  different  challenges  were  met  and  overcome.  Bad 
earth,  high-pressure  water,  and  the  Rockies  trying  to  settle 
down  and  .s<|uee/.e  into  the  tunnel  were  some  of  the  prob¬ 
lems  that  taxed  the  ingenuitv  and  patience  of  the  staff  of 
the  Blue  River  Constructors. 

This  23-mile  tunnel,  which  will  transport  water  from  the 
western  side  of  the  Continental  Divide  to  Denver  on  the 
east  sitle,  and  the  many  problems  encountered  in  its  build¬ 
ing  are  described  by  Lewis  Nordyke  in  an  article  starting 
on  page  103. 
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Back  in  the  early  1880’s,  Jefferson,  at  that  time  a  thriving 
little  community  in  North  Carolina,  was  humming  with 
activity.  About  5(X)  copper  miners  from  this  area  were  em¬ 
ployed  in  taking  copper  out  of  the  Ore  Knob  Mine,  then  one 
of  the  largest  cxipper  mines  in  the  United  States.  In  1883  a 
declining  copper  price  made  it  uneconomical  to  operate 
the  mine  and  the  owners  were  forced  to  close  the  properU'. 

During  the  periods  1942-43  and  1953-54,  the  area  was 
probed  by  diamond  drills,  first  by  the  U.  S.  Bureau  of  Mines 
and  later  by  Nipissing  Mines  Co.  Ltd.  of  Canada.  The  aires 
indicated  a  plentiful  reserve. 

Dormant  for  many  years,  a  more  favorable  price  struc¬ 
ture  has  reactivated  this  property,  and  once  again  the  Ore 
Knob  Mine,  operated  by  Appalachian  Sulphides,  Inc.,  is  a 
producing  property. 

J.  R.  Daniel,  an  explosives  engineer,  writes  about  this 
mine  and  details  the  drilling  and  blasting  techniijues  in 
use.  Please  refer  to  his  article  on  page  116. 

O  »  « 

It  is  amazing  what  fractional  charges  of  dynamite  can  do 
on  demolition  jobs  when  the  work  is  too  delicate  for  the 
drop  ball  and  too  tough  for  the  wrecking  bar  or  chipper. 

A  recent  demonstration  of  what  a  skilled  technician  can 
accomplish  with  dynamite  was  the  removal  of  a  loading 
platform  at  a  food-packaging  factor)'  near  EllicTitt  City, 
Marx'land.  Some  of  the  difficulties  that  the  blaster  had  to 
contend  with  were  nearby  oil-storage  drums,  machinerv, 
an  overhead  door  with  window'panes,  electrical  fixtures, 
switches,  and  conduits. 

An  illustrated  report  on  this  example  of  controlled  blast¬ 
ing,  by  W  illiam  F.  Hallstead,  begins  on  page  120. 
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GARDNER-DENVER  GPENS  A  NEW  ERA  IN  PERCUSSION  DRILLING 


No  other  rock  drill  compares  with 

THE  NEW  GARDNER-DENVER 


ABSOLUTE 

CONTROL 


No  other  rock  drill  gives  your  opera¬ 
tor  absolute  and  independent  control 
of  these  vital  rock  drill  functions: 

Rotation  without 
impact — Efficient 
gear  motor  supplies  H  . 
powerful  rotation 
in  either  direction,  j 

even  when  drill  is 
not  impacting.  Three  rotation 
speeds  at  the  flick  of  a  control. 
Neutral  position  stops  rotation. 


Impact  without  ro-  ^ . 
tation— Separate 
control  provides 
impact  action  with¬ 
out  rotation.  Percussion  can  be 
varied  from  light  to  heavy  blows, 
and  can  be  used  to  loosen  couplings 
or  stuck  steel. 


.  .  .  #> 

Impact  and  rotation 

— This  unique  drill 

provides  light  per-  WH  j 

cussion  and  rapid 

rotation  for  drilling  in  soft  rock  . . . 

or  heavy  impact  and  slow  rotation 

for  hard  rock. 


HIGH-POWERED  DRILLING  TEAM— The  new 

PR123  drill  on  the  famed  Gardner-Denver 
Swing-Boom  "Air  Trac”®  makes  an  un¬ 
beatable  rock  drilling  combination. 
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POWER  ROTATION  MODEL  PR123 


UP  TO  30%  FASTER  < 
PENETRATION 

1 

SELECTIVE  DRILLING 

The  new  PR123  is  the  only  rock  drill  which  uses 
all  hammer  energy  directly  for  percussion.  There’s 
no  rotational  drag  on  the  piston  hammer.  Every 
blow  is  sharp  and  solid.  Results:  faster  hard  rock 
drilling  than  ever  before.  Depth  of  hole  does  not 
affect  drilling  speed  as  it  does  with  a  conventional 
rifle- bar-rotated  drill.  You  can  drill  deeper  holes 
with  the  PR  123. 

Now  your  operator  can  line  up  the  right  combina¬ 
tion  of  rotation  speed,  impact  force,  feed  pressure 
and  hole  blowing  for  fast  drilling  in  any  type  of 
rock.  No  other  rock  drill  provides  absolute,  in¬ 
dependent  and  instantaneous  control  of  impact 
and  rotation.  Drilling  action  can  be  changed  as 
soon  as  the  bit  enters  a  new  rock  formation. 

NO  ROTATION 

POWER  COUPLING 

PARTS  IN  CYLINDER 

AND  UNCOUPLING 

The  PR  123  has  no  rifle  bar,  no  ratchet  ring,  no  Independent  rotation  control  is  a  real  time-saver 

pawls  or  other  vulnerable  internal  rotation  parts,  when  drilling  with  sectional  rods  and  couplings, 

and  thus  eliminates  the  most  frequent  causes  of  Rotation  without  impact  permits  power  coupling 

rock  drill  breakdown  and  maintenance.  Instead,  of  threaded  rods  without  damage  to  the  threads, 

rotation  is  supplied  by  a  long-wearing  gear  motor  Reverse  rotation  speeds  uncoupling  when  coming 

which  is  efficiently  lubricated  by  the  air  line  oiler.  out  of  the  hole.  Independent  power  rotation  also 

A  torsion  bar  absorbs  rotational  shock  between  helps  free  stuck  steel, 

shank  and  motor. 


PROVEN  DESIGN— The  new  PR123  uses  the  same  cylinder  and  automatic  valve  parts 
as  the  popular  Gardner- Denver  DH 123.  Renewable  chuck  driver  liners  for  all  sectional 
shanks.  Piston  diameter;  41^'.  Length:  38  Weight,  less  mounting:  290  pounds. 

EQUIPMENT  TODAY  FOR  THE  CHALLENGE  OF  TOMORROW 

GARDNER  -  DENVER 

Gardn«r-D«nv*r  Company,  Quincy,  Illinois 

In  Canada:  Cardnor-Donvor  Company  (Canada),  Ltd.,  )4  Curlty  Avtnuo,  Toronto  16,  Ontario 
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Rlcliapcl  W.  Whitney 

EXECUTIVE  VICE  I'HFSIDENT,  MIXING  OPERATIONS 
THE  HANNA  MINING  COMPANY 


A  Biography 

F'^ew  people  have  achieved  more  in  the  mining  industry 
than  Richard  \\’.  VN'hitney,  executive  vice  president 
of  The  Hanna  Mining  Company.  Dick  was  born  on  a 
farm  in  Stewartville,  Olmsted  County,  Minnesota,  on  the 
fifth  day  of  the  twentieth  century.  That  unusual  circum- 
.stance  of  timing  may  have  set  his  life’s  pattern,  for  he  says 
he  has  always  been  lucky  in  timing.  Maybe  following  Cen- 
eral  Nathan  Forrest’s  militarv'  maxim,  “git  ther  fastest  with 
the  mostest,’’  will  give  one  the  advantage,  but  timing  is 
not  the  whole  storv;  you  must  have  “the  mostest”  when 
the  fracas  starts.  Dick  evidently  had  something  Ix'sides 
fortunate  timing. 

His  father,  Ralph  W.  W’hitney,  and  his  mother,  Carrie, 
emigrated  from  Maine  to  W’isconsin,  and  thence  to  Minne¬ 
sota  in  the  late  1890’s.  Dick  began  his  ethication  in  the 
country'  school  at  Stewartville  and  subseipiently  attended 
Rochester,  Minnesota,  High  School,  from  which  he  grad¬ 
uated  with  a  cretlitable  record  in  football  and  basketball. 
Then  he  went  on  to  the  University  of  Minnesota,  where  he 
studied  civil  engineering. 

The  tragic  depression  of  the  twenties  with  its  ruinous 
decline  in  farm  prices  brought  an  end  to  Dick’s  academic 
career  before  he  graduated,  so  that  he  started  to  work  with 
Butler  Brothers  at  Cooley,  Minnesota,  as  an  engineer’s 
helper.  He  stayed  with  this  organization  twentv-four  years, 
all  of  them  spent  in  its  various  iron-mining  operations.  In 
this  time  he  progressed  through  the  jobs  of  ore  inspector, 
washing  plant  foreman,  assistant  chief  engineer,  super¬ 
intendent,  and  finally  general  superintendent,  before  he  left 


Butler’s  to  go  with  The  M.  A.  Hanna  Company  as  general 
superintendent  of  its  Minnesota  operations.  Now,  by  the 
happy  circumstance  of  the  consolidation  of  Butler’s  and 
Hanna,  he  is  back  with  his  old  buddies  from  the  range. 

His  progress  with  Hanna  has  been  solidly  based  on  the 
mining  e.xperience  he  gained  in  his  years  with  Butler’s,  and 
the  fund  of  mining  knowledge  that  has  attracted  the  atten¬ 
tion  of  other  mining  companies  who  look  at  the  rising  star 
of  Hanna  in  iron  mining.  Measured  in  terms  of  tonnage  of 
ore  alone,  this  rise  has  been  spectacular.  In  1944,  Hanna 
shipped  three  million  tons  of  ore  from  the  range.  By  1948, 
it  was  shipping  1.3  million  tons.  With  the  addition  of  the 
Canadian  properties,  Hanna,  acting  as  agents  for  associ¬ 
ated  companies,  increased  its  tonnage  to  21.7  million  tons  in 
19.59,  and  the  peak  year  of  all  was  28  million  tons  in  1957. 
Dick  is  vehement  in  saying  he  did  not  do  this,  but  he  looks 
with  satisfaction  on  the  organization  he  helped  to  create, 
which  can  be  credited  with  this  achievement  in  tonnage  of 
ore  shipped  to  the  hungry  steel  mills  of  America. 

A  year  after  he  came  vv'ith  Hanna,  Dick  was  made  gen¬ 
eral  manager  of  mines  in  Minnesota  of  The  M.  A.  Hanna 
Company,  and  moved  to  Cleveland.  In  1957  he  was  made 
vice  president  of  operations  of  The  Hanna  Coal  and  Ore 
Company,  later  changed  to  The  Hanna  Mining  Company, 
and  in  May  of  this  year  he  was  advanced  to  executive 
vice  president  of  The  Hanna  Mining  Company,  his  pres¬ 
ent  position. 

Since  he  joined  Hanna,  his  mining  experience  has  been 
broadened  to  include  the  iron-mining  areas  of  Michigan 
and  Missouri  and  the  nickel  operations  in  Oregon.  While 
he  is  familiar  with  Hanna’s  operations  in  Quebec-Labrador, 
that  development  has  been  largely  the  work  of  others  in 
the  Hanna  organization. 

In  his  years  on  the  range  he  went  in  for  a  little  duck 
hunting,  and  was  a  good  enough  wing  shot  to  bring  in  a 
duck  or  two.  He  says  he  stays  away  from  big  game  hunting 
because  someone  might  deliberately  mistake  him  for  a 
buck. 

In  1925,  he  married  Kathr\’n  Kiefer  at  .\ntigo,  W’isconsin, 
and  this  marriage  has  been  blessed  with  three  children: 
Richard,  Jr.,  who  is  now  with  The  Hanna  Ore  Mining  Com¬ 
pany  as  assistant  superintendent  of  the  Mississippi  Group 
Mine  at  Keewatin,  Minnesota;  Barbara,  a  dietician  in  the 
Borgass  Hospital  in  Kalamazoo,  Michigan;  and  John,  now 
in  college  in  St.  Paul,  Minnesota.  The  familv  lives  at  1.39(K) 
Shaker  Boulevard,  Cleveland,  Ohio. 

Dick  is  a  member  of  the  .\merican  Institute  of  Mining 
Engineers,  and  was  chairman  of  the  Minnesota  Section 
alx)ut  ten  years  ago,  a  member  of  the  American  Iron  & 
Steel  Institute,  and  of  the  Engineers’  Club  of  Northern 
•Minnesota.  He  is  a  member  of  the  Kitchi  Gammi  Club  of 
Duluth,  the  Minneapolis  Club,  the  Minnesota  Club  of  St. 
Paul,  and  the  •\lgon(juin  Club  of  Hibbing,  Minnesota. 
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E  J  i  t  o  rial 


Safely  C  ommunSeations 

The  National  Safety  Council  once  more  has  chosen  this 
magazine  for  its  Public  Interest  Award  for  1959.  This  award 
was  established  in  1948  to  honor  leadership,  initiative,  and 
originalitv'  in  the  furtherance  of  accident  prevention  by  the 
mass  media. 

W'e  feel  honored  that  The  Explosives  Engineer  has  been 
chosen  again  as  a  recipient  of  one  of  these  prizes,  even 
though  they  are  noncompetitive  and  are  given  to  other 
organizations  in  the  communications  field.  Perhaps  under¬ 
standably,  we  have  always  put  great  emphasis  on  the  place 
of  communications  in  the  field  of  safety.  Without  it  we 
believe  the  enviable  safety  records  achieved  by  mines,  <juar- 
ries,  and  other  explosives-consuming  industries  in  the 
United  States  would  have  been  impossible. 

There  is  more  to  safety  than  the  use  of  safety  appliances 
and  the  adoption  of  safer  work  methods  to  avoid  accidents. 
New  devices  and  new  methods  can  do  much,  but  they  are 
useless  in  the  hands  of  unsafe  workers. 

Safety  communications  have  at  least  three  jobs  to  do, 
each  of  them  as  important  as  the  material  side  of  the  prob¬ 
lem.  The  first  of  these  is  instruction  in  the  use  of  safety 
devices  and  methods.  Without  the  teacher  or  the  manual 
of  procedure,  the  worker  cannot  put  his  new  device  to  work. 

Second,  an  even  more  important  job  of  c-ommunications 
is  the  creation  of  a  desire  in  the  worker  to  work  safely  and 
avoid  accidents.  He  must  be  persuaded  to  forego  short  cuts. 
Often  the  short  cut  is  most  attractive;  where  no  danger  is 
involved  it  is  usually  the  best  way  to  proceed.  But  in  the 
mine  or  quarry  or  on  a  construction  job,  the  short  cut  may 
lead  to  accidents  that  lurk  unseen  along  the  unorthodox 
path.  VN^orkers  like  short  cuts,  as  most  of  us  do,  and  they 
have  many  advantages:  the  reduction  in  costs;  the  saving 
in  time  and  energy;  the  increased  output  made  possible. 
All  are  attractive  goals  which,  however,  may  not  be 
achieved  if  gained  only  by  sacrificing  safety. 

Third,  the  task  of  cximmunications,  particularly  of  the 
mass  communications  media  to  which  this  award  is  made, 
is  to  make  safety  popular.  Safety  of  itself  is  likely  to  be 
dull,  drab,  and  unexciting.  Industry  and  the  communica¬ 
tions  media  together  must  make  it  fashionable  to  be  a  safe 


worker.  Once  we  do  that,  we  will  have  cxime  a  long  way 
toward  achieving  our  objective,  the  prevention  of  accidents. 

Our  Friend  is  Fifty 

W'hen  your  good  friend  reaches  the  age  of  fifty  it  is  a 
time  for  congratulations  and  well-wishing.  The  miner’s  best 
friend,  the  Federal  Bureau  of  Mines,  having  reached  that 
signal  point  in  its  honorable  career,  deserv'es  a  heartfelt 
salute  from  the  mining  industry. 

Unijuestionably  the  Bureau’s  greatest  achievement  has 
been  as  a  stem  protector  of  the  lives  and  limbs  of  hapless 
miners  and  t|uarrymen.  Created  at  a  time  when  mine  acci¬ 
dents  were  killing  an  average  of  364  men  a  year,  or  one 
miner  a  day,  the  Bureau’s  diligent  mine  safety  campaign  has 
reduced  the  toll  to  less  than  one-tenth.  It  has  done  this  in 
many  ways:  through  the  ad\'ocacy  of  safety  laws  and  regu¬ 
lations,  through  the  recommendation  of  safety  devices  and 
practices,  through  research  on  the  causes  of  fires,  accidents, 
and  death-dealing  disasters. 

So  outstanding  is  the  Bureau’s  record  of  making  mines 
safe,  more  by  persuasion  than  by  force,  many  are  unaware 
of  its  enviable  record  in  other  directions.  Research  on 
coal-burning  equipment  has  cut  our  electricity  bill;  Bureau 
studies  in  ventilation  have  benefited  structures  only  re¬ 
motely  linked  with  mines,  such  as  the  Holland  Tunnel 
under  the  Hudson;  hospitals  for  years  have  been  using 
radium  extracted  by  the  Bureau  from  domestic  camotite. 
American  and  many  foreign  businessmen  lean  heavily  upon 
the  statistics  and  analyses  of  domestic  and  foreign  minerals 
published  by  the  Federal  Bureau  in  nearly  8,000  reports. 

No  supplier  to  the  American  mining  industry  is  in  a  better 
position  than  the  explosives  industry  to  support  the  Bu¬ 
reau’s  cimtention  that  “there  has  never  been  an  accident 
from  a  permissible  explosive  used  in  a  permi.ssible  manner.” 
Many  a  wrangle  has  occurred  over  what  should  be  a  per¬ 
missible  explosive,  but  for  manv  years  now  no  explosives 
maker  has  seriously  (juestioned  the  wisdom  of  the  Bureau’s 
compilation  of  a  list  of  permissible  explosives. 

With  a  fervent  “thank  you”  to  the  miner’s  friend,  we  offer 
our  heartiest  congratulations  to  the  Bureau  as  it  begins 
its  second  half  century  of  service  to  the  nation’s  mines  and 
quarries. 
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BLASTING 


Tlie  Intermountain  RoLerts  Tunnel 


BEAUTIFUL  BUT  DEFIANT:  Despite  the  beauty  and  serenity  of  the  country,  the  contractors  had  to  fight  nature  for  every  foot  of  tunnel 

advance.  This  photo  shows  the  west  portal  area  near  Dillon,  Colorado. 

this  23-mile  tunnel  throu^li  the  Continental  OiviJe  will 
brin^  water  from  tbe  western  side  o  f  the  R  oehies  to 
meet  th  e  needs  of  Oenver^s  ^rowin^  population 

LEWIS  NORDYKe" 


A  great  moment  came  thundering 
in  for  the  Denver  Water  Board 
when  a  charge  of  dynamite  was  det- 
onattxl  under  a  cragg\'  peak  in  the 
Rocky  Mountains  last  February  24. 
The  time  was  12:36  o’clock  on  a  chilly 

•Deceased  July  8,  1960 
See  Contents  page 


afternoon.  Standing  back  at  a  safe 
distance  in  a  dimly  lighted  tunnel  were 
members  of  the  W’ater  Board  and 
other  dignitaries,  all  of  them  in  high 
lx)ots,  nibber  trousers,  slickers,  and 
hard  hats.  Their  glasses  were  foggv; 
they  were  puffing  a  little.  Some  of 
these  men  were  a  bit  ner\’ous  about 


being  14  miles  back  in  the  innards  of 
Landslide  Mountain  which  stood  4,.50() 
ft.  above  them;  only  an  event  of  great 
importance  vvoidd  ha\'e  enticed  them 
into  a  man-trip  train  for  a  jostling  ride 
to  the  place  where  thev  now  stood 
waiting  anxiously  for  the  big  moment. 

The  switch  w'as  pidled  and  the 
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^  -  STA.  459  +  43.64 


WEST  PORTAL:  The  west  portal  of  the  Roberts  Tunnel  was  started  at  an  elevation  of  8,849  ft.  The  ventilating  line  is  at  the  top  of  the  tunnel, 

while  the  lower  pipe  is  the  water-discharge  line. 
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MILES  FROM  EAST  FOUTAl 


MILES  FHOM  WEST  POKTAL 


riTNNEL  PROFILE-  This  schematic  drawing  of  the  23-mile  Harold  D.  Roberts  Tunnel  shows  its  line  through  the  Rocky  Mountains  west  of 
a™.  I^n.  He..  ,o  e...  ........  1.45  «.  p..  .,00«  .  .o,.,  deep  ol  1,8 


DRILL  ROUND:  Drilling  was  done  from  a  jumbo  which  mounted  four  drills.  The  depth  and  pattern  of  the  holes  were  determined  by  the  type 

of  material  being  blasted.  Nearly  every  drill  round  was  different. 


round  fired.  Tlu*  muck  rattled  down. 
I’liere  wa.s  a  .swift  movement  of  tlu; 
air.  When  the  dust  and  smoke  cleared, 
the  visitors  coidd  see  miles  down  the 
tunnel.  This  was  the  final  holing- 
through  of  the  renowned  Harold  D. 
Roberts  Tunnel,  which,  in  a  good 
many  ways,  is  a  feat  of  engineering 
and  blasting  to  stagger  the  imagina¬ 
tion.  It  is  a  good  example  of  how  man, 
with  courage  iind  know-how,  can  con- 
(|uer  mountains  and  a)rrect  the  mis¬ 
hap  of  misplaced  rain. 

Driving  the  bore  was  considerably 
less  than  a  picnic,  what  with  bad 
earth,  high-pressure  water,  and  the 
R(K‘kies  trying  to  settle  down  and 
s(jueeze  into  the  tunnel. 

The  tunnel  extends  from  near  Dil¬ 
lon  to  Grant  in  Colorado.  It  is  23.3 


miles  long.  In  places,  as  at  the  point 
of  holing-through,  it  is  4,500  ft.  be¬ 
neath  the  surface.  It  is  probably  the 
longest  tunnel  ever  driven  from  four 
headings— one  from  each  portal  and 
two  from  an  access  shaft.  At  least 
1,075,000  cu.  yd.  of  material  was 
blasted  and  hauled  out.  In  the  rough, 
the  horseshoe-shaped  bore  is  12  ft.  6 
in.  in  diameter;  when  lined  with  con¬ 
crete,  which  will  be  completed  by  Jan- 
uarv’,  1962,  the  waterway  will  have  a 
diameter  of  10  ft.  3  in. 

It  will  convey  water  from  the  west¬ 
ern  to  the  eastern  slope  of  the  Conti¬ 
nental  Divide.  A  lake  being  created  at 
Dillon  to  impound  water  from  the 
Blue  River  (a  tributary  of  the  mighty 
Colorado),  the  14-mile-long  Snake 
River,  and  the  Ten-Mile  River  will 


feed  into  the  tunnel.  It  has  been  de¬ 
signed  to  operate  under  pressure,  with 
the  west  portal  lying  in  the  reservoir 
l)eing  created  by  Dillon  Dam,  an 
earth-fill  structure.  The  tunnel  will 
carry  788  sec.-ft.  of  water  with  a  Dillon 
Reservoir  high  water  mark  of  8,886  ft. 
above  sea  level;  it  will  carr\'  1,020  sec.- 
ft.  with  a  reservoir  high  of  9,017  ft. 
This  new  resource  is  reckoned  to  take 
care  of  Denver’s  water  needs  the  re¬ 
mainder  of  this  centurv’. 

At  the  east  end  of  the  tunnel,  the 
water  will  spill  into  the  north  fork  of 
the  South  Platte  River  and  then  flow 
by  natural  stream  channel  46  miles  to 
the  intake  facilities  of  the  Denver 
water  system,  some  25  miles  southwest 
of  the  cit)'.  The  distance  the  water  will 
travel  from  the  reservoir  to  the  center 
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of  Den\’er’s  distribution  system  will  be  to  go  into  action  or  else  face  the  pros-  pally  because  rotten  earth  and  high- 

94  miles,  quite  a  way  for  a  drink  of  pect  of  perpetual  drought.  Therefore,  pressure  water  necessitated  a  tremen- 

water  to  trickle.  within  the  next  decade  or  so,  there  is  dous  amount  of  grouting  and  the  use 

apt  to  be  a  mighty  lot  of  tunnel  driv-  of  much  more  steel  than  was  antici- 

Denvers  Bold  Step  California  already  has  some  big  pated. 

The  project  is  a  big  part  of  a  projects  under  way.  A  water  supply  Blue  River  Constructors,  a  joint  ven- 

$101,000,000  water  development  pro-  looks  good,  and  wet,  to  a  city  with  a  tore,  is  the  contractor.  This  concern 

gram.  It  was  necessary  because  Den-  threat  of  future  thirst.  is  made  up  of  Mid-Valley,  Inc.,  of 

ver,  the  biggest  city  of  the  Mountain  To  the  members  of  the  Denver  Houston,  Texas;  S.  A.  Healy  Company 
\\'est,  didn’t  have  suflBcient  water  for  W'ater  Board,  the  Roberts  Tunnel—  of  Chicago,  Illinois;  J.  A.  Jones  Con¬ 
its  explosive  growth;  moreover,  nature  when  that  final  round  was  fired— was  struction  Company  of  Charleston, 

fixed  things  so  that  there  is  not  sufiB-  more  than  a  hole  tlirough  the  mouh-  North  Carolina;  Charles  H.  Tompkins 

cient  snow  to  meet  demand  on  the  tains;  rather,  it  was  the  realization  of  Company  of  Washington,  D.  C.;  A.  S. 

eastern  side  of  the  mountains,  and  a  long  dream.  For  almost  half  a  cen-  Horner  Construction  Company,  Inc.,  of 

Denver  had  to  hole  through  to  the  turx'  Denver  had  been  planning,  strug-  Denver,  Colorado;  and  Colorado  Con- 

w’estern  side  where  the  snow  piles  up  ghng,  and  putting  up  money  to  open  structors,  Inc.,  also  of  Denver.  Mid¬ 
in  great  white  abundance.  an  eflFective  channel  from  the  western  Valley  is  the  sponsor,  or  managing 

Many  American  metropolitan  areas  slope  to  the  east  side.  The  tunnel  partner,  with  L.  H.  Durst,  vice  presi- 

face  growing  water  problems.  All  of  alone,  when  concreted  and  necessarx'  dent  of  Mid-Valley,  responsible.  T.  F. 

them  haven’t  taken  the  bold  steps  of  equipment  installed,  will  cost  around  (Ted)  Adams  is  the  project  manager, 

Denver,  but  eventually  they  will  have  $50,000,000.  The  cost  is  high,  princi-  in  actual  charge  of  the  work. 


WATER  TROUBLE:  There  was  a  lot  of  water  trouble  in  driving  the  tunnel.  Here  is  shown  water  flowing  under  extremely  high  pressure  from 

diamond  drill  holes  made  for  grouting  operations. 
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Rugged  Terrain  and  Weather 

It  has  taken  a  world  of  know-how 
and  learn-how  resourcefulness  to  drive 
the  long  bore.  In  the  first  place,  the 
country  is  rough,  wild,  and  scenic. 
The  Continental  Divide,  which  the 
tunnel  punctures,  rises  13,086  ft.  in  the 
blue  Colorado  sky;  Landslide  Moun¬ 
tain,  highest  elevation  through  which 
the  bore  was  driven,  towers  13,215  ft. 
At  Dillon,  or  west  portal,  the  elevation 
is  9,000  ft.;  the  tunnel  starts  at  an  ele¬ 
vation  of  8,849.79  ft.  and  the  east 
portal  at  Grant  is  8,671.48  ft.  above 
sea  level.  The  drop  from  west  to  east 
is  178  ft.,  or  a  downgrade  average  of 
about  1.45  ft.  per  1,000  ft.  The  lowest 
overburden  is  400  ft. 

The  main  headquarters  office  is  at 
the  west  portal  near  Dillon.  Before  the 
project  started,  Dillon  was  a  quiet, 
scenic  little  town  of  250  population. 
It  is  in  Summit  County,  the  seat  of 
which  is  Breckenridge,  a  fabled  min¬ 
ing  town  of  silver,  lead,  and  gold. 
Many  an  old  prospector  searched  for 
his  burro  in  this  country. 

Dillon  is  77  miles  west  and  a  bit 
south  of  Denver.  The  main  highway 
between  Denver  and  Dillon  is  over 
historic  Loveland  Pass,  where  a  snow¬ 
storm  can  whip  up  without  notice  dur¬ 
ing  the  long  winter  season.  The  Dillon 
area,  which  is  up  some  9,000  ft.,  has 
an  average  of  200  in.  of  snow  a  year, 
W'hen  weather  is  discussed  in  this 
camp  and  a  man  says  he  thinks  it  will 
clear  up,  he  means  that  the  snow  is  apt 
to  Ik*  clear  up  to  the  top  of  his  pants. 
The  winter  is  cold.  The  temperature 
has  dropped  to  37  degrees  below  zero. 
However,  snow  and  cold  cannot  hin¬ 
der  in  the  tunnel,  where  the  tempera¬ 
ture  is  about  80.2°F. 

The  rugged  area  is  covered  with 
spruce,  pine,  aspen,  and  other  timber 
and  lcK)ks  like  a  storybook  alpine  land 
in  summer  and  winter.  Out  in  the  tim¬ 
ber  there  are  deer,  black  bear,  elk, 
noisy  coyotes  that  can  get  a  good  view 
of  the  moon  on  clear  nights. 

The  wild  animals  were  seldom 
l>othert*tl  by  the  sounds  of  man  until 
Blue  River  Constructors  began  mov¬ 
ing  in  and  banging  around.  The  con¬ 
tract  was  let  on  July  12,  1956,  and 
there  was  a  mighty  buz.z  in  the  moun¬ 
tains.  Workmen  and  their  families 
rolled  in.  The  company  brought  in 
trailer  houses  and  established  a  park. 


MORE  WATER:  The  difficulties  involved  by  the  extremely  bad  water  conditions  taxed  the 
resourcefulness  of  Blue  River’s  men.  A  slow-up  in  the  tunnel  advance,  and  attendant  added 

cost,  was  quite  serious. 


Some  of  the  workmen  live  in  Dillon, 
Breckenridge,  and  as  far  away  from 
headquarters  as  Fairplay,  a  town 
widely  known  for  its  marble  tribute  to 
Prunes,  the  renowned  burro  of  hope¬ 
ful  prospectors.  On  the  east  end  of  the 
tunnel,  workmen  live  at  Grant,  a  very 
small  village,  and  thereabout. 

Roads  were  cleared,  graded,  and 
surfaced.  Offices,  shops,  warehouses, 
compressor  stations  went  up.  Equip¬ 
ment  rumbled  in.  Blue  River  Con- 
stnictors  made  ready  for  a  si.\-year  job. 

Four  Headings 

Because  the  tunnel  would  be  over 
23  miles  in  length,  entailing  a  long 
haul  of  waste  if  it  were  driven  from  the 
tw'O  portals  toward  the  center,  a  de¬ 
cision  was  made  to  sink  an  access  shaft 
and  drive  both  ways  from  there,  giving 
the  four  headings.  In  that  country  a 
shaft  can’t  be  sunk  just  any  place,  be¬ 
cause  of  the  surface  terrain  and  the 
underground  geology.  By  exhaustive 
exploration,  including  diamond  drill¬ 
ing,  a  site  for  the  shaft  was  located 
8.5  miles  east  of  the  west  portal.  Be¬ 
cause  of  bad  earth  known  to  exist  deep 
underground  and  also  because  it  was 
impossible  to  sink  the  shaft  in  the 
direct  line  between  portals,  there  are 
“dog-legs”  in  the  tunnel.  There  are 
three  major  courses  with  horizontal 


angles  of  9  degrees  4  minutes  and  26 
degrees  26  minutes  located  5.42  miles 
and  8.69  miles  east  of  the  west  portal. 

The  first  actual  excavation  had  been 
handled  bv  construction  forces  of  the 
Water  Board;  this  had  begun  in  June 
of  1946  and  continued  to  July,  1956,  at 
the  east  portal.  A  total  of  9,^6  ft.  had 
been  excavated  when  Blue  River  was 
given  the  contract. 

Blue  River  started  work  on  the  ac¬ 
cess  shaft  on  October  3, 1956.  Excava¬ 
tion  began  at  the  west  portal  on  No- 
N'ember  9,  1956,  and  tunnel  driving 
started  9,986  ft.  in  from  the  east  portal 
at  Grant  on  February  19,  1957.  The 
access  shaft  was  completed  on  Sep¬ 
tember  30,  1957,  three  days  less  than 
a  year  after  it  started. 

This  shaft  sinking  was  an  enormous 
project  itself,  although  it  was  designed 
only  to  facilitate  tunnel  work  and  will 
be  of  little  or  no  value  to  the  finished 
waterway. 

The  circular,  concrete-lined  shaft  is 
16  ft.  in  diameter  and  916  ft.  deep;  it 
required  a  major  job  of  drilling,  blast¬ 
ing,  mucking.  A  drill  jumbo  with  four 
drills  and  jibs  was  used  in  drilling  the 
blast  holes.  A  crane  was  employed  for 
hoisting  until  the  permanent  head- 
frame  and  hoists  were  installed.  An 
orange-peel  bucket  was  used  in  muck- 
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tunnel  by  having  to  concrete  the  excess 
overbreak.  Overall  efficiency  is  the 
primary  consideration.” 

Mr.  Adams,  his  associates,  and  the 
crews  of  skilled  workmen,  with  the 
aid  of  the  Water  Board’s  consulting 
engineers,  did  a  great  job  of  overall 
efficiency,  and  an  important  part  of 
this  was  the  blasting.  Every  inch  of 
the  tunnel  was  drilled  and  blasted,  al¬ 
though  some  of  the  earth  was  too  rot¬ 
ten  for  fast  work.  There  were  three 
major  elements  of  prime  importance 
in  the  blasting: 

First,  advance  the  hole. 

Second,  keep  the  correct  shape  and 
size. 

Third,  prevent  overbreak. 


ing,  for  it  proved  more  effective  than 
a  clamshell.  A  battleship-type  slip 
form  was  used  for  concreting  and  it 
did  not  have  to  be  removed  from  the 
shaft  between  cycles.  The  shaft  was 
started  high  up  on  the  Continental 
Divide  at  an  altitude  of  nearly  10,000 
ft.,  near  the  old  mining  camp  called 
Montezuma.  This  was  about  the  only 
place  an  access  shaft  could  be  located 
to  advantage.  It  was  not  needed 
farther  west,  for  that  part  of  the  tun¬ 
nel— an  8.5-mile  section— could  be 
driven  from  the  west  portal. 

Just  to  the  east  of  the  shaft,  the  ter¬ 
rain  becomes  too  rugged  for  a  shaft. 
Here,  the  Divide  climbs  sharply  up¬ 
ward  and  not  far  east  of  there  is  the 
summit  of  Landslide. 

With  the  shaft  completed  and 
etjuipped  with  hoist,  skip,  man  cages, 
and  underground  station,  tunnel  driv¬ 
ing  started  eastward  and  westward 


from  the  foot  of  the  shaft  toward  the 
east  portal  on  October  1,  1957,  and 
toward  the  west  portal  four  days  later. 
Now  the  tunnel  was  being  driven  from 
four  headings,  and,  of  course,  advanc¬ 
ing  the  bore  tlirough  the  Rockies  was 
the  main  thing  on  this  job. 

Project  Manager  Adams  said:  “A 
rate  of  advance  estimate  is  the  control¬ 
ling  factor  in  all  tunnel  contracts  and 
is  determined  both  by  condition  and 
size  of  the  tunnel.  Size  controls  the 
number  of  drills  that  can  be  used  and 
this  in  turn  controls  the  drilling  time 
as  well  as  the  type  of  loading  and  haid- 
ing  equipment  that  can  be  used.” 

However,  he  added  that  advance¬ 
ment  of  the  bore  is  not  everything. 
“Footage  is  not  the  criterion  for  driv¬ 
ing  a  tunnel,”  he  said.  “If  overbreak 
is  neglected  in  getting  footage,  it  is 
quite  possible  to  lose  whatever  advan¬ 
tage  may  be  obtained  on  driving  a 


New  Section  Heading 

Drilling  and  blasting  were  essen¬ 
tially  the  same  at  all  four  headings, 
varx'ing  with  the  tx'pe  and  condition  of 


SANDBAG  BULKHEAD:  Driving  from  the  west  portal  slowed  to  a  crawl  when  a  high-pressure  flow  was  encountered.  Sandbagging  and  bulk¬ 
heading  were  necessary  to  halt  the  water  flow. 


108 


THE  EXPLOSIVES  ENGINEER  •  JULY-AUGUST,  I960 


TYPICAL  DRILL  ROUND:  Drillinf;  and  blasting  techniques  varied  to  meet  the  conditions 
of  the  material  as  the  tunnel  progressed.  A  typical  round  consisted  of  41  holes,  using  the  pyra¬ 
mid  cut.  Numerals  indicate  the  order  of  firing. 

(Drawing,  courietM  Blue  River  Conitruciort) 


material  being  blasted.  Jumbos,  which 
ran  on  the  rail  haulage  track,  pushed 
into  place  by  battery-powered  loco¬ 
motives,  or  motors,  were  made  in  the 
shop  at  headquarters.  Each  jumbo  had 
four  drills  and  two  hydraulic  booms 
for  position  drilling.  Ingersoll-Rand 
BD  35  (3/i-in.  drifters)  were  used. 
Ingersoll-Rand  and  Timken  carbide 
insert  bits  were  effective;  bit  sizes 
were  IS,  IS,  and  even  as  small  as  IS  in. 
New  bits  were  used  as  starters;  those 
reduced  in  siz.e  by  sharpening  as  finish¬ 
ers.  A  bit  was  good  for  about  200  ft. 

Straight  carbon  hollow  IS-in.  drill 
steel  was  used.  Blue  River  bought  raw 
steel  and  made  it  up  in  the  steel  shop 
at  the  west  portal.  The  steel  was  cut 
into  various  lengths,  usually  4,  5,  7,  9, 
and  11  ft.;  it  was  then  shanked  and 
threaded. 

Holes  ranging  from  9  to  11  ft.  deep 
were  started  with  4-  or  5-ft.  steel,  and 
only  one  change  of  steel  was  necessary. 
Drills  were  operated  by  air  from  the 
compressor  stations  located  on  the 
surface.  Water  sprayed  through  the 
steel  and  bits  because  wet  drilling  is 
recjuired  bv  law  in  Colorado. 

The  depth  and  pattern  of  the  holes 
were  determined  by  the  type  of  ma¬ 
terial  being  blasted.  Nearly  every 
round  was  different.  In  some  of  the 
bad  earth  the  holes  were  only  3  ft. 
deep.  As  a  rule,  the  holes  were  from 
7  to  1 1  ft.  deep. 

From  35  to  50  holes  were  drilled  to 
the  round.  Blue  River  found  that  the 
pyramid  cut  was  flexible  and  worked 
well  in  the  various  sorts  of  ground; 
therefore,  this  pattern  was  used  in 
practically  all  the  blast-hole  drilling. 

Four  cut  holes  were  drilled  in  the 
center,  with  four  relievers  just  outside 
the  cut.  Generallv  speaking,  the  idea 
of  the  pyramid,  as  u.setl  by  Blue  River, 
is  to  blow  out  the  center  plug  so  that 
all  the  other  holes  slab  to  it.  This 
means  the  main  force  of  the  blast  is  to 
the  center,  and  this  is  an  effective  way 
of  controlling  size  of  bore  and  the 
shape,  and  in  preventing  overbreak. 

The  holes  were  loaded  on  the  ratio 
of  4/»  to  5  lb.  of  explosives  to  the  cu.  yd. 
of  material  in  the  .solid.  In  some  places 
the  ratio  was  7  lb.  of  explosives,  and 
in  shales  the  loading  was  as  low  as  2  lb. 
of  explosives  per  cu.  yd.  of  material 
in  the  solid. 

With  the  jumbo  as  a  platform,  the 


holes  were  loaded  with  Gelamite®,  a 
semigelatin  type  of  explosive,  or  its 
equivalent.  This  powder  is  about  45% 
strength.  The  primer,  a  cartridge  Vi 
by  8  in.,  was  placed  in  the  bottom  of 
the  hole  and  ecjuipped  with  an  electric 
delay  cap.  Delays  ranged  from  periods 
1  to  10  and  were  arranged  so  the  slab¬ 
bing  was  to  the  center.  After  the 
primer  came  another  cartridge  of  Gel¬ 
amite,  which  was  tamped.  At  times, 
16-in.  cartridges  were  used  to  speed 
up  loading.  The  hole  was  loaded  with 
explosives,  which  were  tamped  to 
within  18  in.  of  the  collar.  No  stem¬ 
ming  was  used. 

The  round  was  hooked  up  in  paral¬ 
lel  with  16-gauge  naked  copper  wire, 
to  which  the  leads  were  tied  in.  To 
guard  against  accidental  or  premature 
contact  at  the  switch,  the  hookup  was 
completed  as  the  workmen  retreated 
from  the  face.  The  round  was  det¬ 
onated  from  a  220-volt  power  line. 
The  firing  switch  was  located  at  a  safe 


point  about  1,000  ft.  from  the  heading. 

The  pattern  of  hole  placing  and 
loading  achieved  satisfactory  results 
and  no  significant  secondary  blasting 
was  necessary. 

The  explosives  used  had  low  dens¬ 
ity',  water  resistance,  and  cohesive¬ 
ness,  and  detonated  with  a  uniform 
velocity  w’hich  provided  effective  con¬ 
trol.  Fumes  were  no  problem. 

Mr.  Adams  said  that  this  system, 
with  heavy  loading  and  no  stemming, 
was  perhaps  not  the  most  efficient  way 
to  use  explosives,  but  that  speed  was 
the  essence  of  the  rather  complicated 
cycle.  For  example,  the  delay  of  a 
minute  or  so  in  loading  a  round  or  in 
moving  the  equipment  in  the  naturally 
cramped  quarters  of  a  tunnel  could 
add  up  to  a  considerable  amount  of 
time  in  the  course  of  a  week;  it  could 
amount  to  something  of  economic  im¬ 
portance,  and  affect  the  time-table,  in 
the  course  of  a  few  months  or  a  year. 

The  cycle— drill,  shoot,  muck,  put 
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in  necessary  supports,  move  the  utili-  usually  required  about  11*  hours.  each  heading  a  high-pressure  fan  of 

ties  ( ventilation,  haulage  track,  water,  When  mucking  was  completed,  nec-  10,(XK)  cu.  ft.  per  minute  forced  out- 

power)  forward,  and  then  repeat—  essary  supports  were  placed  in  line  side  fresh  air  into  the  working  area 

started  with  the  drilling.  The  jumbo  and  grade.  Installation  of  utilities  was  through  a  26-in.  pipe.  This  ventilation 

nosed  forw^ard,  and  the  drills  screamed.  carried  on  behind  the  heading,  and  system  also  cleared  the  heading  of 

After  loading  with  explosives,  the  sidings  were  laid  at  intervals  to  store  fumes  and  dust  after  blasting.  A  few 

drilling  equipment  was  moved  to  a  equipment  and  supply  cars,  during  the  minutes  before  a  round  was  fired,  the 

safe  distance  for  the  shooting,  and  course  of  a  normal  cycle.  blower  was  reversed,  or  turned  on 

there  could  be  no  more  drilling  until  W'ith  cleanup  accomplished,  the  “suck,”  as  the  men  say,  and  exhausted 
the  mucking  was  accomplished.  mucker  was  brought  out  and  the  air  from  the  heading.  This  permitted 

jumbo  eased  into  position  to  start  an-  the  men  to  complete  the  new  cycle 

Mucking  other  cycle.  without  delay.  Advancing  the  venti- 

After  the  round  was  fired,  an  Eimco  Compressed  air  was  available  lation  system  was  (juite  a  job:  it  came 

40  mucking  machine,  the  overshot  through  an  8-in.  line  from  the  com-  in  40-ft.  lengths,  each  weighing  more 

type,  moved  in  and  started  loading  the  pressor  stations,  and  about  2,700  cu.  ft.  than  1,000  lb.  Two  hydraulic-jack 

blasted  material  into  5-cu.  yd.  Card-  of  air  was  required  at  each  heading.  jumbos  on  a  flat  car  lifted  the  pipe  into 

built  Granbv-tvqje  mining  cars.  Short  Water  was  supplied  through  a  4-in.  place  in  the  ceiling  until  it  was  an- 

sections  of  track  were  laid  to  advance  line  under  80-lb.  pressure.  A  three-  chored. 

the  air-powered  mucker;  these  were  conductor  cable,  carrying  4,160  volts  Pumping  equipment  was  also  in- 

later  replaced  with  standard  lengths  of  with  needed  transformers  for  the  stalled  and  hooked  up  at  regular  inter¬ 
rail.  A  California  switch— a  double  power  and  lighting  circuits,  trans-  vals  as  the  heading  advanced, 

track  that  slides  on  the  main  single-  mitted  the  electric  power.  Unexpected  In  the  portal  headings,  blasted  ma- 

line  track— was  used,  making  it  pos-  power  demands  could  be  handled  in-  terial  was  hauled  outside  in  the  rail 

sible  to  shunt  empt\'  cars  to  the  head-  stantly.  cars;  the  36-hp.  locomotives  usually 

ing  and  remove  loaded  cars.  On  the  As  in  all  long  tunnels,  ventilation  pulled  10  cars  on  the  uphill  through 

av^erage,  a  7-ft.  round  produced  about  was  a  problem,  especially  when  a  the  west  portal  and  as  many  as  18 

80  cu.  yd.,  or  16  carloads,  of  loose  heading  had  advanced  up  to  nearly  downhill  through  the  east  portal.  The 

muck.  On  such  a  round,  the  mucking  10  miles,  as  the  east  portal  did.  For  rail  line  was  equipped  with  block  sig- 


TYPICAL  ROCK  SECTION:  Formations  encountered  in  driving  the  Roberts  Tunnel  included  quartz  monzonite,  decomposed  pre-Cambrian 
gneisses,  Dakota  sandstone,  Niobra  limestone,  unbaked  Pierre  shale,  and  baked  shales. 
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SUPPORT:  In  the  bad  rock  sections,  totaling  about  15  miles,  steel  supports  were  necessary.  In  this  section  of  the  west  portal,  steel  rib  sup¬ 
ports  were  placed  on  18-in.  spacing. 


nal  system  operated  by  pull  switches. 
Cars  were  dumped  in  the  waste  area 
over  a  camelback  ramp. 

Blasted  material  in  the  shaft  head¬ 
ings  was  hauled  to  the  shaft  and 
dumped  in  pockets.  It  was  hoistetl  out 
in  a  5-yd.  skip  made  by  C.  S.  Card 
Iron  VV’orks,  which  also  manufactured 
the  70-man-capacit\’  cage.  The  skip 
dumped  into  a  bin  from  which  18-yd. 
Euclid  trucks,  equipped  with  end- 
dump  beds,  hauled  to  the  waste  dump. 

W'ith  the  work  tuned  acutely  to 
overall  efficiency,  advancement  was 
rapid  in  good,  hard  material,  but  down 
there  in  the  complex  bowels  of  the 
peaks  all  the  material  was  not  good 
and  hard.  Blue  River  Constructors  ran 
into  all  sorts  of  trouble  with  earth  and 
water.  Not  only  did  these  factors  slow 
the  driving  cycle,  but  they  necessi¬ 
tated  the  installation  of  a  great  deal 
more  steel  and  other  supports  than  was 
expec'ted  and  also  led  to  a  tremendous 
amount  of  grouting  and  pumping. 

Geology 

The  tunnel  passes  through  some  of 


the  more  complicated  geologx'  of  the 
Continental  Divide,  including  various 
sedimentary,  metamorphic,  and  igne¬ 
ous  rocks.  There  are  numerous  fault 
systems,  some  of  them  in  mineralized 
zones.  Formations  include  (juartz 
monzonite  ( coarse-grained  granite 
type),  Idaho  Springs  Formation  (de¬ 
composed  pre-Cambrian  gneisses ) , 
Dakota  sandstone,  Niobra  limestone, 
unbaked  Pierre  shale,  baked  shales. 
This  is  mining  countr\',  but  little  ore 
had  ever  been  sought  at  the  depth  of 
the  tunnel;  therefore,  it  was  exciting 
to  explore  in  unknown  depths.  No 
metals  or  minerals  of  significance  were 
encountered. 

Manager  Adams  is  a  strong  advo¬ 
cate  of  exhaustive  geological  studies 
for  tunnel  work.  “More  contractors 
have  gone  broke  in  the  tunnel  busi¬ 
ness  than  in  any  other  phase  of  con¬ 
tracting,”  he  said.  “Geology  is  im¬ 
portant  from  the  standpoint  of  both 
the  owmer  of  the  tunnel  and  the  con¬ 
tractor.  The  (juestion  of  picking  the 
tunnel  alignment  in  the  first  place  is 
important  to  the  owner.  To  the  con¬ 


tractors  bidding  the  work,  a  better 
knowledge  of  ground  conditions  leads 
to  more  accurate  bidding.” 

Despite  the  ruggedness  of  the  ter¬ 
rain  of  the  surface,  extensive  geologi¬ 
cal  work  had  been  done  on  the  Roberts 
Tunnel.  Conclusions  had  been  based 
mainly  on  outcrops.  In  sections  be¬ 
tween  the  west  portal  and  the  shaft 
there  was  not  enough  outcrop  to  deter¬ 
mine  the  geology,  and  the  Water 
Board  had  seven  diamond  drill  holes 
put  down  for  a  study  of  conditions. 

Water  Trouble 

It  was  known  that  near  the  west 
portal  a  Williams  Range  thrust  fault 
with  a  displacement  of  several  miles 
cut  the  tunnel  route  twice,  resulting  in 
highly  fractured  conditions.  This 
caused  major  bad-earth  and  water 
problems.  In  the  spring  of  1959,  a 
troublesome  situation  developed  in 
the  heading  being  driven  from  the 
shaft  toward  the  west  portal.  Water 
poured  in  under  high  pressure  through 
feeler  holes  and  tunnel  driving  had  to 
be  suspended  in  that  heading  for  seven 
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ACCESS  SHAFT:  Because  of  the  length  of  the  tunnel,  more  than  23  miles,  a  shaft  was  sunk 
so  that  the  tunnel  could  be  driven  from  four  headings.  The  concrete-lined  shaft  is  16  ft.  in 
diameter  and  916  ft.  deep. 


weeks.  Only  6(K)  ft.  above  the  tunnel 
and  .500  ft.  away  from  it  horizontally 
the  Snake  River  was  flowing,  and  this 
was  probably  the  source  of  most  of  the 
water.  The  ground  was  very  rotten. 

Grout  pumped  under  pressure  of 
1,500  p.s.i.  through  a  series  of  feeler 
holes  failed  to  stop  the  water.  At  last, 
200-ft.  holes  were  bored  with  diamond 
drills  and  grout  was  pressured  in  until 
the  water  was  checked;  however,  tun¬ 
nel  driving  was  slow  in  this  bad 
ground  and  bulkheads  and  feeler  holes 
were  necessarv.  Short  rounds  —  usuallv 
about  3  ft.  — were  drilled  in  this  sec¬ 
tion  of  the  tunnel. 


The  heading  driving  from  the  west 
portal  also  hit  almost  oceans  of  water, 
and  extreme  high-pressure  flow  was 
encountered  approximately  halfway 
between  the  east  portal  and  the  shaft. 
Here,  sandbagging  and  bulkheading 
were  necessary,  and  the  operation  was 
slowed  to  a  crawl. 

But  wherever  water  and  bad, 
s(jueezy  earth  were  encountered.  Blue 
River  met  the  problem  and  kept  ad¬ 
vancing  the  tunnel.  In  some  wet  spots, 
holes  were  drilled  35  to  40  ft.  in  the 
heading  and  pipes  were  installed. 
Then  grout  was  pumped  through  the 
pipes  to  control  the  water.  In  some  of 


the  worst  places,  lengths  of  rail  steel 
spiling  were  jammed  in  as  support. 

Tunnel  Supports 

.About  three-fourths  of  the  tunnel, 
or  more  than  15  miles,  had  to  have  sup¬ 
ports,  and  in  some  of  the  good  rock 
sections  roof  bolts  were  used. 

Main  supports  are  steel  ribs,  usually 
6-in.,  H-shaped,  20-lb.-per-ft.  arch  rib 
assembly;  this  has  two  ribs  to  a  section 
and  each  side  is  16  ft.  long.  Spacing 
depended  on  the  ground,  but  the  maxi¬ 
mum  was  5-ft.  centers.  However,  it 
wasn’t  unusual  to  space  them  closer 
than  that  and  often  skintight.  In  some 
places,  8-in.  steel,  weighing  31  lb.  to 
the  ft.,  was  used.  In  exceptionally  b.id 
ground,  steel  struts  were  laid  across 
the  bottom  to  keep  the  lower  end  of 
the  ribs  from  being  sprung  together. 

Steel— the  wedges  and  lagging— 
was  backed  with  Oregon  fir  of  25? 
construction  grade.  A  sawmill  was 
maintainetl  to  prepare  the  timber. 

Supports  w’ere  placed  from  the  drill 
jumbo  as  a  platform  as  the  tunnel  ad¬ 
vanced,  and  this  became  a  part  of  the 
cycle  except  in  the  rock  sections. 

W’liile  tunnel  driving,  with  all  its 
woes,  was  progressing,  two  other  tre¬ 
mendous  jobs  of  excavation  were 
under  way.  One  of  these  was  the 
emergency  gate  shaft  some  450  ft. 
dovv'nstream  from  the  west  portal.  It 
has  a  finished  diameter  of  16  ft.  and  is 
208  ft.  deep.  This  installation  did  not 
facilitate  the  driving  of  the  tunnel;  it 
will  provide  for  operating  ecjuipment 
to  regulate  the  flow  of  water  through 
the  completed  tunnel,  and  other  neces¬ 
sary  controls. 

The  other  excavation  was  that  of 
sinking  the  surge  chamber  924  ft.  up¬ 
stream  from  the  east  portal.  It  is  380 
ft.  deep.  Except  for  the  bottom  42  ft. 
of  the  chamber,  which  is  10  ft.  3  in.  in 
diameter,  this  shaft  is  20  ft.  6  in.  in 
diameter. 

The  emergency  gate  shaft  and  the 
surge  chamber  were  drilled,  blasted, 
and  mucked  much  in  the  same  way  the 
access  shaft  was  sunk.  Future  plans 
call  for  a  6,0(X)-kw.  hydrotdectric 
power  plant  at  the  Grant  end;  this  will 
be  done  vv’hen  diversions  from  the 
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Blue  River  are  of  sufficient  volume  to 
make  such  a  generating  plant  econom¬ 
ically  feasible.  It  is  reckoned  to  come 
in  about  1975. 

Outlet  facilities  at  the  east  portal, 
that  is,  the  flow  of  water  from  tunnel 
to  river  channel,  will  be  installed  un¬ 
der  a  separate  c-ontract. 


2"  Vent  pipes  os 
directed 


X  8  Timber  lagging  where 
necessory;  where  practicable 
remove  logging  before 
concreting 


2  Grout  holes  or  pipes 
as  directed  -  -  -  -  - 


Concrete  Lining 

Looking  toward  another  major 
phase  of  the  job.  Blue  River  Construct¬ 
ors  started  aggregate  production  well 
in  advance  of  the  final  holing-through. 

\  gra\'cl  pit  was  developed  3  miles 
west  of  head(juarters  offices.  About 
305, (XK)  tons  of  gravel  was  stockpiled 
at  the  west  portal  and  275,(XK)  tons 
near  the  east  portal.  At  least  100,000 
tons  of  sand  was  stockpiled  at  each  lo¬ 
cation. 

As  s(K)n  as  the  tunnel  was  holed 
through,  the  cleanup  and  preparation 
for  concrete  lining  started.  In  the 
cleanup,  Eimco  630  mucking  machines 
and  dozers  were  being  used.  The 
muckers  load  on  a  traveling  conveyor 
whose  belt  discharges  into  the  muck 
cars.  Some  of  the  preparation  included 
the  removal  and  replacement  of  dis¬ 
torted  sections  of  steel  supports.  After 
the  tunnel  was  finished,  ventilaLon 
was  no  longer  a  problem;  fresh  air 
usually  “stacks”  up  the  shaft,  causing 
breezes  from  one  end  of  the  bore  to 
the  other. 

The  lining  will  have  a  minimum 
thickness  of  8  in.  all  the  way  around, 
with  about  5  yd.  of  cxmcrete  being  used 
to  the  lin.  ft. 

Lining  work  started  at  about  mid¬ 
point  of  the  tunnel  and  is  progressing 
in  each  direction.  Sand,  gravel,  and 
cement  are  being  dry-batched  at  the 
two  portals  and  hauled  in  aggregate 
cars  that  replaced  the  muck  haulers. 

The  cxmcrete  is  mixed  near  the  point 
of  use  and  pumped  into  the  forms. 

Three  conveyors  handle  the  material. 

Cars  bottom-dump  on  a  conveyor 
which  discharges  into  a  hopper;  a  sec¬ 
ond  conveyor  elevates  to  the  mixer  and 
the  third  moves  the  concrete  to  the 
top  of  the  pump. 

The  lining  is  being  poured  in  two 
sections,  bottom  and  top,  the  length  of 
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Collar  braces; 
to  be  removed 
before  concreting 


Tunnel 


directed 


CROSS  SECTIO.N:  The  unlined  tunnel  is  horseshoe  shaped  and  12  ft.  6  in.  in  diameter.  When 
lined  with  concrete,  the  waterway  will  have  a  finished  diameter  of  10  ft.  3  in.  Most  sections  of 
the  tunnel  required  steel  rib  supports. 

(Drawing,  courte$y  Denver  Board  of  Water  Commissioners} 


MUCKING:  After  the  round  was  fired,  an  Eimco  40  mucking  machine  moved  in  and  loaded 
the  blasted  material  into  Cranby-type  mine  cars. 


HOLINC-THROUCH:  Climaxing  days  of  meeting  and  conquering  difficulties  was  dramatic  holing-through  which  connected  the  tunnel  from  the 

west  portal  with  the  head  driven  from  the  access  shaft. 


the  tunnel.  A  great  deal  of  grouting 
will  be  nec'essarv’  to  wind  up  the  job. 

W’hen  the  lining  is  completed  and 
all  equipment  removed,  the  tunnel  will 
l>e  completed.  The  ac-cess  shaft  will 
be  of  no  particular  use,  but  it  will  be 
capped  and  left  intact.  A  small  bat¬ 
tery-powered  car,  which  will  be 
lowered  and  raised  in  the  emergency 
gate  shaft,  will  be  used  for  periodic  in¬ 
spection  of  the  tunnel  after  it  is  in  use. 

This  job,  and  especially  the  excava¬ 
tion  phase,  recjuired  many  good-sized 
installations.  The  main  warehouse  for 
the  overall  project  is  at  Arvada,  just 
outside  Denver;  equipment  and  sup¬ 
plies  are  received  there  and  trucked  to 
location.  Northwest  25  cranes  are 
used  for  loading  and  unloading  heavy 
materials.  Three  repair  shops— one  at 
each  portal  and  the  third  at  the  shaft— 
and  three  machine  shops  were  in- 
stalletl.  Compressor  stations  are  lo¬ 
cated  on  the  surface  at  the  portals  and 
shaft.  Ingersoll-Rand,  Twin  Sullivan, 
Chicago  Pneumatic,  and  Gardner- 
Denver  compressors  are  used. 


Caterpillar  No.  12’s  with  blade  are 
used  to  c'ontrol  snow  and  maintain 
roads;  these  are  six- wheeled,  rubber- 
tired  machines.  Caterpillar  D-8  doz¬ 
ers  kept  the  waste  dumps  in  order. 

Power  is  supplied  by  Public  Service 
of  Colorado  at  the  west  portal  and  the 
shaft,  and  by  REA  at  the  east  portal. 
Good  roads  lead  to  both  portals  and 
the  shaft. 

During  the  excavation  pha.se,  around 
6(X)  men  were  on  the  job  underground 
and  on  top.  During  the  lining  oper¬ 
ation,  an  average  of  about  450  men 
is  needed. 

Safe  Operations 

Despite  the  bad  earth,  water,  and 
other  hazards  during  excavation,  an 
excellent  safety  record  was  main¬ 
tained;  there  were  no  fatalities  and 
ver\'  few  serious  injuries.  Radio  and 
telephone  communication  was  main¬ 
tained,  and  still  is,  between  all  sta¬ 
tions.  George  (Sonny)  Hallen  is  the 
full-time  safety  engineer,  having  re¬ 
placed  \\'esley  Fink,  who  was  pro¬ 


moted  to  superintendent  in  June,  1959; 
his  office  at  head(juarters  is  a  fully 
equipptH;!  first-aid  station;  his  car  is 
e(jnipped  with  stretchers,  blankets, 
gas  masks,  respirator.  Aside  from 
traces  of  methane  in  some  places,  no 
gas  of  significance  was  encountered. 
Ambulances  are  maintained  at  all  en¬ 
trances  and  first-aid  kits  and  other 
safety  equipment  in  all  working  areas. 
Blue  River  Constructors  brought  in  a 
physician  and  set  up  a  clinic  to  take 
care  of  workmen  and  families. 

Labor  relations  have  been  excellent. 
The  visitor  detects  a  sort  of  esprit  dc 
corps  among  the  workmen.  This 
V'ounger  generation  of  “tunnel  stiflFs” 
lay  little  store  by  some  of  the  old 
superstitions  of  the  trade,  such  as  re¬ 
fusal  to  enter  a  tunnel  after  a  woman 
has  been  in  it,  but,  like  old-timers, 
these  modern,  machine-age  hard-rock 
miners  are  usually  softhearted  human 
beings. 

One  night  a  stray  dog,  a  part-collie 
female,  showt^  np  at  head(juarters. 
The  men  figured  that  someone  had 
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dumped  her.  She  looked  to  have  been 
mistreated;  one  eye  was  badly  injured. 
The  men  adopted  the  shivering  pooch 
and  named  her  Molly.  She  was  given 
a  bed  in  the  electrical  department. 
Men  started  carrying  in  bones  and 
other  food  and  Molly  waxed  fat.  She 
had  a  friendly  and  appreciative  wag 
for  every  man.  Molly  was  usually 
around  the  electrician’s  (juarters,  but 
isolation  in  a  tunnel  camp  did  not  keep 
her  from  leading  a  dog’s  life. 

Shortly  before  the  tunnel  was  holed 
through,  Molly  gave  birth  to  five  husky 
pups.  The  men  worked  up  a  scheme 
whereby  each  would  draw  for  a 
chance  to  pay  $3  for  a  pup;  the  monev 
was  spent  in  taking  Molly  to  Denver 
to  have  her  eye  fixed. 

Three  years  ago,  someone  deserted 
a  brindle  pussy  cat  at  the  east  portal 
office  at  Grant.  She  was  (juickly 
adopttKl  and  named  Genevieve.  At  the 
time,  mice  and  some  rats  w’ere  trv'ing 
to  invade  the  place.  Genevieve  took 
care  of  that.  She  invariably  shows  up 
at  lunch  time  and  has  little  trouble  per¬ 


suading  the  men  to  count  her  in.  Like 
Molly  at  Dillon,  Genevieve  hasn’t  de¬ 
voted  full  time  to  Blue  River  Con¬ 
structors.  In  her  time  there,  she 
“found”  three  litters  of  kittens.  The 
men  had  difficulty  finding  homes  for 
the  last  furry  bunch  and  Genevieve 
had  an  operation,  restricting  her  ac¬ 
tivities  to  that  of  contented  mouser. 

Key  Personnel 

In  addition  to  L.  H.  Durst,  who  is 
in  general  charge  of  operations  for  the 
sponsoring  partner,  and  Mr.  Adams, 
the  project  manager,  members  of  the 
staflF  include  David  Morse,  assistant 
project  manager;  David  Pearson,  su¬ 
perintendent  of  the  shaft;  Emeiy' 
Gardner,  superintendent  at  the  west 
portal;  Bob  Silva,  superintendent  at 
the  east  portal;  Tom  Holley,  chief 
engineer;  Ray  Wilson,  office  manager; 
Robert  Penn,  electrical  engineer; 
Henrv’  Eckes,  master  mechanic. 

The  \Vater  Board’s  consulting  engi¬ 
neering  firm,  Tipton  and  Kalmbach, 
Inc.,  of  Denver,  has  k(.'pt  a  staff  of  en¬ 


gineering  personnel,  including  a  con¬ 
sulting  geologist,  on  the  job  to  super¬ 
vise  construction.  H.  J.  Dickinson  has 
been  the  construction  engineer  for 
Tipton  and  Kalmbach. 

The  Water  Board  still  has  a  lot  to  do, 
one  of  the  principal  chores  being  the 
completion  of  the  reservoir.  And  the 
Board  must  also  do  something  about 
the  scenic  old  town  of  Dillon.  When 
the  lake  is  full,  the  present  Dillon  will 
be  under  mountain  water.  The  Board 
has  set  aside  land  about  2)i  miles  from 
Dillon  for  a  new  townsite. 

It  has  taken  a  long  time  and  a  lot  of 
doing,  but  the  realization  of  Denver’s 
long  dream  for  plenty  of  water  from 
the  western  slope  of  the  sky-high  Gon- 
tinental  Divide  is  close  at  hand.  Men 
who  can  conquer  frowning  mountains 
have  brought  it  about. 

Harold  D.  Roberts,  for  whom  the 
tunnel  was  named,  will  never  see  this. 
He  was  one  of  the  early  leaders  who 
visualized  the  tunnel  and  worked  for 
it;  he  died  shortly  after  tunnel  con¬ 
struction  started. 


STOCKPILE:  A  gravel  pit  developed  near  headquarters  produced  aggregate  for  lining  the  tunnel.  Stockpiles  were  maintained  at  each  portal 
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A^eJ  Ore  K  nol)  IVlme  Reopened 
By  Wipissin^  Mmes 

Copper  mine  in  North  Carolina,  inactive  since  1883,  once  employed  500  men 

J.  R.  DANIEL** 


Hk;hi:b  copper  prices  hav'e  brought 
new  life  to  an  old  properU'  that 
once  was  one  of  the  largest  copper 
mines  in  the  United  States.  Back  in 
1883,  the  Ore  Knob  Mine,  JeflFerson, 
North  Carolina,  w'as  a  thriving  pro- 
duc'er  employing  up  to  500  men.  De¬ 
clining  copper  prices  in  1883,  however, 
forced  the  closing  of  the  operation, 
and  it  had  remained  inactive  until  re¬ 
cently.  The  deposit,  discov'ered  in 
1855,  was  opened  up  by  S.  S.  and  J.  E. 

•Hercules  Powder  Company 
Birmingham,  Alabama 


Clayton  of  Baltimore  in  1873.  In  the 
next  ten  years  the  mine  produced 
25,(XX),000  lb.  of  c'opper  from  200,000 
tons  of  ore  Ijefore  it  was  closed  down. 

The  United  States  Bureau  of  Mines 
drilled  the  abandoned  property  in 
1942-43,  putting  down  20  diamond- 
drill  holes  for  a  total  of  4,945  ft.  While 
this  drilling  disclosed  that  there  was 
still  copper  in  the  mine,  nothing  was 
done  with  it  for  another  ten  years  until 
the  Nipissing  Mines  Company,  Ltd.,  of 
Toronto,  Canada,  leased  it  from  the 
owner,  R.  G.  Lassiter. 


Core  drilling,  begun  in  1953,  put 
down  31  holes  for  a  total  of  23,646  ft. 
and  indicated  over  1,000,000  tons  of 
ore.  Shaft  sinking  was  begun  in  1955 
bv  Cowin  &  Company,  Inc.,  of  Bir¬ 
mingham,  and  completed  in  July,  1956. 
W'ith  the  sinking  of  the  shaft,  the  mine 
was  developed  underground,  the  plant 
installed,  and  production  started  in 
March,  1957,  by  Appalachian  Sul¬ 
phides,  Inc.,  a  wholly  owned  subsidi¬ 
ary  of  Nipissing  Mines. 

The  Ore  Knob  Mine  is  situated  11 
miles  east  of  Jefferson,  and  1  mile 


SURFACE  BUILDINGS:  Equipment  on  the  surface,  showing  the  hoist  and  mill  and  crusher  buildings. 
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north  of  the  North  Carolina  State 
Highway  88  in  the  Appalachian  Moun¬ 
tains  2  miles  west  of  the  Blue  Ridge. 
The  shaft  collar  stands  at  an  elevation 
of  3,040  ft. 

The  Blue  Ridge  Electric  Member¬ 
ship  Corporation  supplies  power  to 
the  mine  at  2,3(X)  volts  through  a  2,000- 
KVA  substation.  Concentrates  are 
trucked  13  miles  to  the  Norfolk  & 
Western  Railway  siding  at  Smethport, 
North  Carolina.  Employes  have  been 
recmited  from  the  surrounding  coun¬ 
tryside,  some  men  driving  as  much  as 
80  miles  to  work.  Six  houses  for  staflF 
members  only  are  located  at  the  mine. 

The  vertical  shaft  has  been  sunk  to 
a  depth  of  1,286  ft.  with  working  levels 
at  560  ft.,  700  ft.,  840  ft.,  980  ft.,  and 
1,120  ft.  Drifts  develop  the  vein  for 
1,3(X)  ft.  east  and  1,200  ft.  west  of  the 
shaft. 


24,000  Tons  of  Ore  Monthly 

I'he  mine  is  currently  producing 
24,(XK)  tons  of  ore  monthly,  e(juivalent 
to  9(X),(XX)  lb.  of  copper.  Initial  pro¬ 
duction  was  12,(XX)  tons  of  ore  each 
month,  which  was  doubled  in  1959 
with  the  improved  copper  prices. 

The  r(K'k  is  a  (juartz-mica  gneiss, 
similar  to  a  granite  gneiss,  very  hard, 
and  because  it  forms  slabs  in  many 
places,  much  rock  lx)lting  must  be 
done.  The  ore  is  a  combination  of 
heavy  sulphides,  chalc'opyrite,  pyrrho- 
tite,  and  pyrite  in  a  vein  varying  from 
a  few  inches  to  55  ft.  in  width.  This 
vein  a\'erages  35^  sidphides. 


Equipment  Used 

Appalachian  Sulphides  uses  Atlas 
Copco  Airleg  drills  exclusively  for  H 

drifting  and  breasting  in  shrinkage 
stopes.  .Model  BBC-22W  drills  on 
BMP-31  bench  drill  mountings  are 
used  for  benching  in  open  stopes  abh 
where  the  vein  is  over  20  ft.  wide.  ben 
Model  BBD-46\\'S  stopers  are  used  in  in. 
raises.  \\’it 

With  these  drills,  Appalachian  uses  ing 

Sandvik  Coromant  drill  steels,  %  in.  On 
hex.  with  4}4-in.  shank  and  integral  cou 

tungsten  carbide  chisel  bits.  Starters  drill 

have  1^-in.  bits.  In  raises,  it  uses  Sand¬ 
vik  Coromant  tapered  socket  detach-  Ii 

THE  EXPLOSIVES  ENGINEER  •  JULY- AUGUST,  I960 


HOIST:  View  of  the  headframe,  showing  miners  going  to  work. 


ical  drill  patterns  make  use  of  IJi-in. 
holes.  In  raising,  24  to  28  holes  6  ft. 
deep  are  drilled.  In  a  5  by  5-ft.  raise 
the  company  uses  a  6  to  9-hole  burn 
cut.  .\n  8  by  8-ft.  drift  makes  use  of 
.32  holes  1/4  in.  in  diameter  and  6  ft. 
deep,  or  36  holes  with  a  6  to  9-hole 
burn  cut.  Three  holes  in  the  burn  are 
drilkxl  2  in.  in  diameter.  All  of  these 
are  loaded  with  1  by  8-in.  Gelamite® 


HANGING  WALL  Ks'4-  S'  -H 


0*X  8*  CL 

MAIN  HAULAGE  DRIFT  I 


it 


•  4  •!  O  *"0  •'  *4 

O 

•  2 


FOOTWALL 

PLAN  SUBLEVEL  BENCH  IB'TOSS'OEEP 


FIGURE  I:  For  blasting  a  sublevel  bench  18  to  35  ft.  deep,  holes 
in.  in  diameter  are  drilled  on  5-ft.  spacings  with  rows  of  holes  3  ft. 
apart.  A  45%  strength  semigelatin,  packed  in  m  by  16-in.  cartridges, 
is  used.  The  rotation  of  firing  is  shown  by  the  numerals  alongside 
the  drill  holes. 


FIGURE  3:  Typical  drilling  pattern  used  in  a  main  haulage  drift  in¬ 
cludes  five  bum  cut  holes  with  the  center  hole  primed  with  an  instan¬ 
taneous  blasting  cap.  The  other  four  holes  are  not  loaded.  The 
remainder  of  the  loaded  holes  in  the  round  were  detonated  with 
regular  No  Vent  delay  blasting  caps  ranging  from  periods  1  to  9  as 
indicated  by  the  numerals  in  the  diagram.  The  average  yield  is  28 
'  tons  of  broken  material  per  round  in  an  8  by  8-ft.  drift. 


-4 

V 


FIGURE  2:  A  sublevel  drift  drill  pattern  included  six  bum  cut  holes. 
Four  of  these  are  unloaded,  while  two  located  at  opposite  comers  of 
the  bum  cut  are  loaded  and  primed  with  instantaneous  caps.  Numerals 
indicate  order  of  firing. 


DRILLING:  Atlas  Copco  Airleg  drills  are  used  for  dn'fting  and  breast¬ 
ing  in  shrinkage  stopes. 
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2-X,  and  primed  with  regular  No 
Vent®  Delay  Caps.  For  stoping,  8  to 
10-ft.  holes  IJi  in.  in  diameter  are 
drilled  at  the  bottom  of  the  stope  and 
loaded  with  1  by  8-in.  Gelamite  2-X 
and  primed  with  regular  delay  caps 
for  breasting.  Some  millisecond  delay 
caps  are  used  for  slashing. 

For  benching  up  to  35  ft.  in  height, 
Ds-in.-diameter  holes  are  used  and 
IJI4  by  16-in.  semigelatin,  45%  bulk 
strength,  is  loaded.  All  blasting  is 
done  from  a  master  switch  on  the  sur¬ 
face,  with  isolating  switches  on  each 
shaft  station. 

Powder  Factor 

With  this  blasting  plan,  the  powder 
factor  is  as  follows:  benching,  1.48  lb. 
to  the  cu.  yd.;  shrinkage,  2.81  lb.  per 
cu.  yd.;  secondar)',  0.59  lb.  per  cu.  yd.; 
in  8  by  8-ft.  drifting,  16.0  lb.  to  the  ft. 
advance;  5  by  5-ft.  raising,  9.5  lb.  per 
ft.  advance.  No  stemming  or  tamping 
is  used. 

Regular  and  millisecond  delay  caps 
are  the  detonators  employed,  normally 
in  series,  occasionally  in  parallel.  All 


blasts  in  the  mine  are  connected  in 
parallel  to  the  main  blasting  line  and 
fired  from  the  surface. 

Secondary  blasting  is  done  in  draw 
holes,  and  on  the  main  ore  pass  grizzly 
by  blockholing  using  either  electric 
caps  or  No.  6  caps  and  tape  fuse.  The 
ore  is  mucked  by  Eimco  loaders  in 
draw  holes,  trammed  to  an  ore  pass, 
hoisted  in  4-ton  bottom-dump  skips, 
crushed  on  the  surface,  and  milled. 

The  e<juipment  for  the  mine  consists 
of  two  Atlas  Copco  AR-7  compressors; 
the  hoist  is  a  Nordberg  double  drum, 
6/t  ft.  by  42  in.,  rope  speed  900  ft.  a 
minute  and  diameter  Ds  in.  Power  is 
supplied  by  a  300-hp.  Westinghouse 
motor.  Power  for  the  rock  drills  and 
loaders  is  supplied  by  eight  Mancha 
Little  Trammer  l/*-ton  motors,  and 
one  .Mancha  Titan  2/*-ton  motor. 

.Mill  Equipment 

The  copper  ore  mined  is  concen¬ 
trated  in  a  flotation  mill  having  a  ca¬ 
pacity  of  950  tons  daily,  and  the  con¬ 
centrates  shipped  to  a  custom  smelter. 
The  ore  averages  2%  copper,  the  con¬ 


centrates  28%  with  a  93^  recovery. 

The  mill  is  equipped  with  a  Rogers 
21  by  36-in.  75-hp.  crusher,  and  a  Sy¬ 
mons  short  head  4  ft.  150  hp.;  two  200- 
hp.  Denver  ball  mills  7  by  73*  ft.;  two 
.\kins  Type  S  54-in.  classifiers;  40  No. 
48  and  16  No.  36  Agitair  flotation  cells; 
and  Eimco  .\gidisc  6-ft.-diameter  4- 
disc  filter. 

Safety  is  the  responsibility  of  the 
mine  shift  bosses  and  other  immediate 
foremen.  A  safety  contest  is  carried 
on  among  the  various  shifts,  with  cash 
awards  to  the  bosses  and  prizes  to  the 
men  with  accident-free  records.  Safety 
regulations  are  strict,  with  penalties 
up  to  and  including  discharge  for  in¬ 
fractions. 

Philip  Eckman  is  mine  manager, 
F.  A.  Nabb  is  mine  superintendent, 
and  R.  II.  Quesnel  is  mine  captain. 
Chief  engineer  and  geologist  is  W.  J. 
DaflFron;  D.  J.  Hathaway,  mine  geolo¬ 
gist;  S.  J.  Nameth,  mill  superintendent; 
N.  J.  Myers,  chief  electrician;  C.  L. 
Crouse,  master  mechanic;  L.  V.  Sheets, 
surface  foreman;  and  E.  L.  Tommey, 
accountant. 


TAMPING:  Miners  loading  and  tamping  dynamite  into  a  drill  hole 
in  a  stope  bench. 


LOADING:  The  ore  is  mucked  by  Eimco  21  loaders  and  trammed 
to  an  ore  pass. 
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Con  trolled  Blasting  S  olves 
Difficult  Protl  em 

A  delicate  blasting  job  was  successfully  completed  wi  tb  out  disrupting 
factory  routine  wben  small  dynamite  charges  were  used  to 
remove  concrete  loading  platform 

WILLIAM  F.  HALLSTEAD* 

rupt  mill  operation— and  youVe  got  a  DCA  Industries,  Ine.,  f(K)d-packaging 
difficult  problem  of  blasting  control  lactoiA'  near  Ellicott  Cit\',  Maryland, 
on  voiir  hands.  The  concrete  platform  consisted  of 

Such  was  the  situation  faced  by  a  5  by  16-ft.  slab  laid  across  two  end 
Burnbrae,  Inc.,  a  Baltimore  blasting  walls,  each  16  ft.  in  length,  4  ft.  high, 
company.  The  case  in  point  was  the  and  about  1 1  in.  thick.  The  object  was 
removal  of  a  loading  platform  in  the  to  replace  the  platform  with  a  hydrau- 
front  of  a  machine  shop  annex  in  the  lically  operatt'd  freight  elevator. 


Dynamiting  in  a  small  room,  closed 
on  three  sides,  is  tough  enough. 
.\dd  a  bank  of  windows  along  one 
v\’all,  an  overhead  door  raised  so  that 
20  glass  panes  are  directly  above  the 
blasting  area,  and  orders  not  to  inter¬ 
's  17  \V  yngate  Road 
Luther\illt*,  Maryland 


CLOSE  QUARTERS:  An  overall  view  of  the  blasting  area  shows  the  difficulties  encountered  by  the  demolition  crew  in  removing  a  concrete 
loading  platform.  At  this  point  in  the  operation,  the  platform  and  front  support  have  been  removed. 
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FRONT  VIEW:  The  confined  work  area 
pictured  above  necessitated  extreme  care  in  ^ 
all  phases  of  the  blasting  operation. 


SM.4LL  CHAR(;p]S:  Closeness  of  electric- 
fixtures  and  windowpanes  directly  overhead  -► 
stressed  the  need  for  small  explosive  charges. 


\  CONTROLLED  BLAST:  Fractional  dyna¬ 
mite  charges  and  the  use  of  a  heavy  mat  and  ^ 
iron  sheets  limited  the  amount  of  fly  material. 


LimitMl  Working  Space 

.'\.s  is  customarv  with  these  cramped 
concrete-removal  operations,  the  work 
began  witli  jackhammers.  In  this  case, 
tin*  chippers  knocked  apart  the  top 
slab  with  comparative  ease.  Ihit  when 
it  came  to  the  two  supporting  walls, 
the  pneumatic  hammers  got  nowhere, 
and  the  remoxal  job  was  turned  over 
to  Burnbrae  as  subcontractor. 

Using  an  air  drill  powert'd  with  a 
Davev  compressor,  Burnbrae’s  blast¬ 
ing  crew  drilled  five  holes  xcTticallv 
in  the  platform’s  front  wall.  Each  hole 
was  deck-loaded  with  one  cartridge  of 
4(Y^  gelatin  dvnamite.  The  cartridges 
were  cut  into  six  to  eight  pieces,  with 
dirt  stemming  separating  the  pieces. 
A  length  of  Primacord*  was  affixed  to 
the  bottom  piece  of  explosive  and  ex¬ 
tended  out  the  top  of  the  lx)re  hole. 
To  this  Primacord  was  taped  an  in¬ 
stantaneous  electric  blasting  cap.  Holes 
were  fired  individually  from  a  position 
60  ft.  away  with  a  twist-tvpe  blasting 
machine.  (Continued  next  page.) 

•Re  g.  U.  S.  Fat.  Off.  by 
The  Ensign-Bickford  Company 
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Following  the  demolition  of  the  front 
wall,  a  rather  large  rock  was  dis¬ 
covered  below  ground  level  between 
the  walls.  Since  the  elevator’s  founda¬ 
tion  would  extend  well  below  this 
rock,  the  dynamiting  team  broke  up 
the  rock  with  two  15-in.-deep  bore 
holes,  each  loaded  with  one-half  car¬ 
tridge  of  40%  gelatin  dynamite. 

Precision  Blasting 
The  crew  now  moved  to  the  rear 
wall,  where  the  work  became  more 
difficult  from  the  control  standpoint. 
■About  15  ft.  from  this  wall  were  a 
number  of  oil-storage  drums  and  an 
array  of  sugar-transfer  machiner\^  Be- 
vond  this  was  the  sliding  d(K)r  into  the 


machine  shop  proper  where  employes 
were  working. 

The  rear  wall  was  drilled  with  six 
l)i-in.-diameter  vertical  bore  holes  and 
loaded  in  the  same  manner  as  the  five 
holes  in  the  front  wall.  The  toughest 
operation  here  was  covering  the  blast. 
The  tight  w’orking  (juarters  precluded 
the  utilization  of  any  tv'pe  of  crane  for 
placing  blasting  mats.  The  efiFort  was 
largelv  a  hand  operation,  with  a  de¬ 
gree  of  help  from  a  Clark  forklift  bor- 
row’ed  from  DCA. 

The  blasts  were  co\'ered  with  one 
^-in.  mesh  blasting  mat  and  three  4 
by  5-ft.  •1'i,j-in. -thick  iron  sheets.  The 
mat  was  placed  first  and  the  sheets 
were  then  laid  on  top.  The  system 


worked  nicely,  though  it  was  tedious 
and  hard  work.  Not  a  window  was 
cracked,  nor  were  any  of  the  several 
exposed  light  bidbs  and  fluorescent 
fixtures  damaged.  W’hat  little  fly  oc¬ 
curred  was  directed  away  from  the 
room’s  interior. 

The  hand  placement  of  cover  made 
the  blasting  work  fairly  slow  in  this 
instance.  Nonetheless,  it  was  c'om- 
pleted  in  far  less  time  than  had  already 
Ix'en  spent  in  futile  chipping.  The 
walls  were  removed  cleanly  and  with¬ 
out  any  damage  to  the  connecting 
building.  Once  again,  fractional  dvna- 
mite  charges  had  proved  just  as  safe 
and  far  more  efficient  than  a  jackham¬ 
mer  for  a  specialized  job. 


Driving  a  Tunnel? 
What  do  you  Need? 

Maybe  we  have  it. . . 

Headframes,  hoists,  com¬ 
pressors,  generators,  loco¬ 
motives,  muckers,  muck 
cars,  drill  jumbos,  60^ 
relay  rail,  4",  6",  8", 

26"  Naylor  Spiralweld 
steel  pipe,  etc. 

For  information  and 
complete  catalog  listing 
available  items  write: 

WEST  DELAWARE 
TUNNEL  CONSTRUCTORS 

BOX  P,  ROSCOE,  NEW  YORK 
Phone  Livingston  Manor  500 


VIBRATION  EFFECTS  ON 
STRUCTURES  •  WELLS  •  PIPE  LINES 

HAROLD  H.  WHITE 

CONSULTING  ENGINEER 
2831  EAST  14TH  STREET,  JOPLIN,  MISSOURI 
Seismic  Surveys  for  Sub  Surface  Exploration  —  Seismograph  . . .  Accelerograph 
Electronic  Comparascope  —  Micro  Barograph  Surveys 
Investigation  of  Explosions  and  Explosives  Accidents 


EXPLOSIVES  USERS  —  If  you  are  experiencing  or  anticipate  legal  or  public 
relations  problems  arising  from  blasting  effects— 

Send  for  Our  BROCHURE  Describing  Our  Services 

(erl€0  Scfiarful*  Accomponias  Brochurm) 

Seismograph  Protection  —  Vibra-Log  Service  —  Seismograph  Rentals  and  Sales 
Preblast  and  Postblast  Property  Inspections  —  Condition  Surveys  and  Appraisals 
Seismic  and  Resistivity  Rock  Depth  Surveys 
Rock  Velocity  and  Impedance  Measurements 

THE  VIDRATION  ENGINEERING  COMPANY,  INC. 

407  Hazleton  National  Bank  ildg.  •  Phonat  OLadstona  5-1961  •  Hazlaton,  Pa. 

Pitttburgh  Aroa  Office  B.  F.  Hovyell,  Jr.,  Ph.D.,  P.E.  Affiliated  with 

Philip  R.  Berger,  Mgr.  Chief  Seismologist  Fronk  Neumann,  Seismologist 

Brodford  Rood  4546  45th  Ave.,  N.E. 

Bradfordwoods,  Pa.  Seattle  5,  Wash. 

Phone:  WEstnrvore  5*1655  Phone:  Lokeview  4-0028 


122 


THE  EXPLOSIVE.S  ENGI.N'EER  •  JULY-AUGUST,  1960 


Over  IS  ft.  per  hr. 
through  solid  granite 

with  Stardrill- Keystone 

KF-SO  rotary  gun  drill 


This  production  —  reported  by  B&R  Diamond  Drilling  Co., 
of  El  Cajon,  California  —  shows  again  why  more  Stardrill-Key- 
stone  rotary  drills  are  sold  for  the  tough  jobs.  On  the  KF-50 
application  pictured,  operator  used  tricone  rotary  rock  bit  to  drill 
down  to  solid  rock,  then  switched  to  down-the-hole  air  hammer 
to  sink  15  ft.  per  min.  through  solid  blue  granite.  Water-cooled 
piston  compressor  lifted  cuttings  thru  water  from  300  ft. 

Handies  scattered  mine,  quarry  work 

Heavy  duty  in  every  respect,  the  KF-50  mounts  a  Cummins 
diesel  engine,  a  500  CFM  two-stage  compressor,  a  158  gpm  duplex 
piston  mud  pump,  and  has  retractable  rotary  table.  Variable-speed 
pull  down,  with  infinite  feed  adjustment  from  0  to  20  ft.  per  min., 
insures  maximum  permissible  hole  production  in  any  type  forma¬ 
tion.  Bit  pressures  to  30,000  lbs.  are  obtainable.  Depending  on 
your  needs,  mud  pump  can  be  omitted,  with  larger-capacity  com¬ 
pressor  available. 

Get  the  complete  story  on  the  truck-mounted  KF-50.  You’ll 
find  it  "has  what  it  takes"  to  cut  your  costs  on  blast  hole  drilling, 
sampling,  and  exploratory  work.  Get  in  touch  with  your  Stardrill- 
Keystone  distributor,  or  write  for  complete  specs. 

Stardrill-Keystone  offers  a  wide  range  of  rotary,  down-the-hole, 
and  combination  drills,  tools  and  attachments  for  mining  and 
quarry  applications.  Your  Stardrill-Keystone  representative  is 
available  to  make  specific  recommendations  for  your  particular 
problem  without  obligation. 


BUFFALO-SPRINGFIELO 


Division  of  Koohring  Company 


SPRINGFIELD,  OHIO 
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SYSTEMS 


*  CO-ORDINATING  ENGINEER:  HAROLD  H.  WHITE. 

VIBRATIONS  CONSULTANT,  JOPLIN.  MISSOURI 

The  ER-300  Series  White  Recorders  were  devel¬ 
oped  to  provide  an  economical,  yet  invaluable 
instrument  for  those  who  desire  permanent 
recordings  of  such  data  as  displacement,  vibra¬ 
tion,  concussion  (air  borne  effect)  and  velocity 
information.  The  precise  monitoring  of  earth 
displacements  and  air  blast  magnitudes  aids 
quarrymen  and  construction  contractors  in  esti¬ 
mating  safe  blasting  limits  when  operating  in 
populated  areas.  A  refraction  model  is  available 
for  recording  velocities  which  permit  the  determi¬ 
nation  of  weathered  zone  depths  as  well  as  the 
depths  to  other  subsurface  formations.  The  dual 
purpose  (Refraction  —  Displacement)  systems 
are  utilized  for  velocity  studies  and  displace¬ 
ment  —  air  blast  measurements. 


Th5^^n5ttuif^nt  o'k  Kind. 


FOR, ADDITIONAL  INFORMATION  INQOIRE 


TRG- 


HNICAL 


M,A1STDFIEL  INDUSTFIIES.  IISTO. 


i  I  '  FIELD  DEMONSTRATIONS  OF  ER  300  SERIES 
i  t  RECORDERS  ARE  ALSO  CONDUCTED  BY 

^  I  HAROLD  H. 'WHITE,  CONSULTING  ENGINEER 
2831  EAS^  14th  ST..  JOPLIN.  MISSOURI 


PJ.B0X  13243.  HOUSTON  19,' 

'MS 

CABlE  kOOumlwiCTROTiX  v 


HERCOC-A  LOW-COST  EXPLOSIVE - 
NOW  AVAILABLE  IN  SMALL-DIAMETER 


I'he  Hercol  scries  of  low-cost,  cap-sensitive,  high-ammonia-conteiit 
explosives  are  now  available  in  cartridges  of  small  diameters  and 
standard  lengths,  as  well  as  in  the  larger  diameters  and  special  packings. 

riie  ability  of  Hercol  to  produce  excellent  fragmentation,  its  water 
resistance.  Class  1  fumes,  and  high  cartridge  count — plus  its  low- 
cost — have  already  been  proved  to  the  economy-minded  quarry  and 
open-pit  operator. 

Now  that  Hercol  is  manufactured  in  the  smaller  diameters,  with 
(dass  1  fumes,  these  same  economies  are  available  to  the  under¬ 
ground  operator. 

Contact  the  Hercules  sales  office  nearest  you  or  ask  your  Hercules 
representative  for  more  detailed  information  on  how  Hercol  can 
reduce  blasting  costs  for  you,  too. 


Properties  of  Hercol 


Hercal 

Horc«l2 

Harc«i4 

Harcal6 

Fumes 

Good 

Good 

Good 

Good 

Cartridge  count— 1V4  by 
8-in.  cartridges  per  50  lb. 

130 

120 

140 

165 

Cartridge  diameter,  in. 

4to8V5 

Ito  3H 

lto3V5 

1  to  3H 

Weight  strength.  % 

70 

68 

68 

68 

Cartridge  strength,  % 

48 

50 

34 

19 

Water  resistance 

Fair 

Good 

Fair 

Fair 

A  special  grade  of  Hercol  is  formulated  for  seismic  “pat- 
tern  shooting”  when  the  drill-holes  are  relatively  dry. 


BIRMINGHAM  • 


Explosives  Department 

HERCULES  POWDER  COMPANY 

taCOA0On*reo 

900  Market  Street,  tf  ilmingUm.  Delaware 


XR60*1 


CHICAGO  •  DULUTH  •  JOPLIN  •  LOS  ANGELES  •  NEW  YORK  •  PinSBURGH  •  SALT  LAKE  CITY 


SAN  FRANCISCO 
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AUTOMATIC 
SAFEGUARDS 
KEEP 
JOY 
ROTARIES 
ON  THE 
JOB 


m 


Let’s  face  it ...  a  portable  compressor 
in  the  field  takes  a  bating.  The  most 
reliable  compressor  you  can  buy  is  the 
one  that  is  built  to  protect  itself.  That’s 
why  Joy  has  done  everything  possible 
to  make  operation  and  maintenance 
simple  and  automatic.  Some  examples; 
The  built-in  blow-down  valve,  the  fail¬ 
safe  safety  circuit,  the  automatic  drain 
and  the  thermal  bypass  valve. 

When  the  compressor  stops  operat¬ 
ing,  the  receiver  blows  down  automat¬ 
ically.  This  eliminates  the  possibility 
that  the  operator  will  forget  and  try  to 
start  the  machine  under  load. 

All  portables  have  a  safety  circuit, 
but  on  most  of  them  a  broken  wire  will 
make  the  circuit  inoperative.  On  Joy 
rotaries,  the  compressor  cannot  E)e  op¬ 
erated  unless  the  safety  circuit  is  com¬ 
plete  and  working  perfectly — eliminat¬ 


ing  a  possible  source  of  major  compres¬ 
sor  damage. 

Every  Joy  rotary  has  an  automatic 
drain  system  designed  to  prevent  hy¬ 
draulic  lock.  Standard  equipment  also 
includes  a  thermal  bypass  valve  which 
prevents  dry  starts  and  eliminates 
moisture  condensation. 

Even  common  items  like  the  oil  filter 
have  been  given  special  attention.  In¬ 
stead  of  a  filter  that  requires  cleaning 
periodically,  Joy  rotaries  have  replace¬ 
able  element  filters — just  put  in  a  new 
element  whenever  you  change  oil. 

The  load  control  is  as  simple  as  pos¬ 
sible.  You  just  turn  the  knob  on  a  cali¬ 
brated  dial  to  set  the  pressure  you  want. 

Foolproof  features  like  these  are 
standanl  factory  equipment  on  all  Joy 
rotary  portable  compressors  a  com¬ 
plete  line  from  125  to  900  cfm. 


JOY  CONSTRUCTION  EQUIPMENT  IS  SOLD  AND 
SERVICED  BY  THE  JOY  DISTRIBUTOR  IN  YOUR  AREA 

Joy  Manufacturing  Company 
Oliver  Building,  PHttburgh  22,  Pa. 

In  Conoda:  Joy  Manufacturing  Company 
(Canada)  Umitod,  Gelt,  Ontario 


T 

PorUbit 

Tungsttn  Carbid* 

Han^Hald 

CompretMn 

TrK  Driiis 

Rock  Bits 

Rock  Drills 
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New  Blue  Brute  4V2’Crawler  Drill . . . 

SLUGS  FROM  STRONGER  STANCE 


From  crawler  tread  to  striking  bar,  this 
new  414*'  crawler  drill  is  designed  to  get 
5-10%  more  footage  per  drilling  dollar.  Its 
simpler  construction,  a  more  stable  plat¬ 
form  and  easier  control  get  more  uninter¬ 
rupted  footage  every  drilling  day. 

Check  out  the  all-new  Blue  Brute  4'/4- 
inch  drill.  It's  built  with  the  famous 
Worthington  valve,  the  rugged  rifle  bar, 
heat-treated  alloy-steel  bushings  at  impor¬ 
tant  wear  points,  and  special  analysis  steel 
for  extra  strength.  These  and  many  other 
proven  Worthington  features  mean  least 
air  consumption,  less  maintenance  and 
downtime. 

Look  at  the  new  Worthington  mast! 
Five-inch  channels  and  an  all-welded  as¬ 


sembly  take  full  drill  torque  with  strength 
to  spare.  And  a  more  powerful  feed  motor 
shifts  drill  up  and  back  more  quickly  for 
faster  steel  changes. 

Look  at  the  crawler  carrier!  An  auto¬ 
matic  line  oiler  is  readily  adjusted  to  lubri¬ 
cate  drill,  feed  motor,  hydraulic  pump  and 
tramming  motors.  The  latter  are  8  hp,  giv¬ 
ing  a  total  drawbar  pull  of 6,000  pounds — 
enough  to  haul  a  900'  compressor  almost 
anywhere. 

There’s  better  operator  safety,  too! 
Carefully  positioned  boom  and  mast  stops 
prevent  over-balancing.  And  controls  are 
placed  for  safer  operation.  But  the  basic 
stability  of  design  permits  the  wide  range 
of  movements  shown. 


For  more  information  about  this  new 
Blue  Brute  drill,  call  your  Worthington 
rotary  compressor  distributor  listed  in  the 
yellow  pages.  Or  write  Worthington  Cor¬ 
poration,  Dept.  60-29,  Holyoke,  Mass.  In 
Canada:  Worthington  (Canada)  Ltd., 
Brantford,  Ontario. 


WORTHINGTON 


NEW  Crawimaster  drill 
and  Gyro-Flo  compressor 

...most  versatile  and  powerful 
combination  available 
for  4"  to  6/2"  blast  holes 


The  Ingersoll-Rand  Crawlmaster  is  a  multi-purpose  blast- 
hole  rig  with  extra  weight  and  power  for  the  toughest  drilling 
jobs.  This  rugged  machine  is  mounted  on  dozer-typ)e  cr^iwlers 
with  enclosed  gear  drive  from  two  11  V2-hp  air  motors,  and  inter¬ 
changeable  drill  units  permit  percussion,  rotary  or  Downhole 
drilling  of  4"  to  6V2"  holes  at  any  angle  from  vertical  to  hori¬ 
zontal.  Features  include  hydraulic  feed  and  retraction,  remote 
controlled  reverse  rotation,  30"  hydraulic  leveling  jacks  and 
simple  ejector-typ>e  dust  collector. 

Ample  air  power  for  all  Drillmaster  functions  is  provided  by  a 
900-cfm  Gyro-Flo  rotary  compressor — the  last  word  in  portable 
compressor  economy  and  dependability.  Simplicity  of  operation, 
freedom  from  maintenance,  small  size  and  light  weight,  air  tem¬ 
peratures  under  200°F,  low  oil  consumption  and  closer  regulation 
at  all  loads  make  Gyro-Flo  the  ideal  running  mate  for  the  new 
Crawlmaster  drill. 

Ask  your  I-R  distributor  or  engineer  for  com- 

. - -  plete  information  on  the  cost-saving  Crawlmaster 

•  Gyro-Flo  combination. 


IngensoU-Rand 

67AI4  1 1  Broadway,  Now  Yorli  4,  N.  V. 


Broadway, 


A  CONSTANT  STANDARD  OF  QUALITY  IN  EVERYTHING 

YOU  NEED  FOR  DRILLING  ROCK 


we've  never  even  come  close  to  this 
with  any  competing  rig 


Construction  job  performance  like  this  is 
standard  with  RElCHdrill.  Why?  Because: 

. , .  all-hydraulic  top-drive  rotary  provides 
infinitely  variable  speed  of  drill  rotation 
—  the  right  speed  for  every  formation. 

. . .  direct-drive  to  drill  stem  saves  power  loss. 
...  all  air  used  to  drill  and  clean  hole. 

...  no  complicated  transmission,  no  rotary 
table. 

...  no  kelly  bar  —  in  and  out  of  the  hole  faster. 
. . .  instant  safety  torque  release  protects  all 
drive  components. 

RElCHdrill  has  built  a  reputation  for  keeping 
maintenance  costs  low;  footage  records  high. 

And  these  additional  RElCHdrill  features 
help  set  drilling  records:  masts  incline  for 
angle  drillings;  CP  heavy-duty  compressors 
a.ssure  plenty  of  air  to  meet  all  demands;  fast¬ 
acting,  ram-type  hydraulic  leveling  jacks  per¬ 
mit  use  of  most  rig  weight  for  down  pressure ; 
CP  “Air-Blast”  Bits  for  extra  footage  in 
toughest  formations. 


For  further  information  u'rite 


Division:  CHICAGO  PNEUMATIC  TOOL  CO 


T-650  truck- 

mounted 

RElCHdrill 

in  operation 
on  construction 
work.  Hole 
size:  to  T’k" ; 

downpressure : 
30,000  pounds. 
Other  models 
available. 

truck  or 

crawler 

moimted,  with 

hole  size  to 

16  inches. 

doivn  pressure 

to  90,000 

pounds. 

^  Thuhcfetsform 
£ri/e  mi/es 
away... 


-  V/  / 

Under  certain  conditions,  a  thunderstorm  five  miles  away  can  be  the  source  of 
extraneous  electricity  that  could  result  in  a  premature  blast. 

This  hazard  is  so  well  recognized  that  blasting  operations  are  often  suspended 
whenever  a  thunderstorm  is  detected. 

There  is  a  simple,  commonsense  method  of  reducing  this  lost  time  while 
minimizing  the  hazard  of  premature  shots.  Use  Primacord  as  the  “down  line”  to 
detonate  the  charges  in  each  hole  —  and  as  “trunk  lines”  to  connect  all  holes. 

Primacord  is  a  detonating  fuse.  It  cannot  be  set  off  by  sparks  or  normal  vibration 
—  and  even  a  direct  hit  by  lightning  failed  to  detonate  it.  Its  use  simplifies 
loading,  and  will  enable  you  to  plan  your  blasts  to  obtain  better  fragmentation. 

When  all  is  in  readiness  for  the  blast  then,  and  only  then, 

attach  fuse  and  cap  or  electric  blasting  cap  to  the  end  of  your  trunk  line. 

With  Primacord,  you  call  the  shots! 

THE  ENSIGN  BICKFORD  COMPANY 

Simsbury,  Connecticut 

Since  1836 


Free  Sample  Kit 

contains  dummy  samples  of  five 
types  of  Primacord  with  brief 
description.  When  you  write 
for  it,  tell  us  about  the  job. 

I 


^^^^GUARD  AGAINST  STRAY  CURRENT  HAZARDS 

KfUfMacctAui 

DETONATING  FUSE 


* 


1. 


